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TUDIES of the hepatie mechanism for blood glucose regulation in the intact 

organism have been carried out by Soskin and co-workers! in dogs and 
Bondy and co-workers? and Mvers® in humans. These investigations revealed a 
hepatic secretion of glucose in the fasting state and a net uptake of blood glucose 
by the liver after glucose loading. In other studies, a concomitant net deerease 
the serum concentration of inorganic phosphorus and potassium after glucose 
ding has been frequently recorded. Since these ions are known to be inti- 
itely related to glucose metabolism and hepatie glycogen synthesis,* we have 
died the net changes in the concentration of inorganic phosphorus and potas- 
m in blood entering (arterial) and leaving (hepatie venous) the liver and 
ve attempted to relate these changes temporally to splanchnic glucose metabo- 
au. These measurements were undertaken in a group of subjeets without liver 
ease and in patients with well-compensated cirrhosis before and after the 
uinistration of intravenous glucose. 
The arterial-hepatie venous (A-HV) differences reported here demonstrate 
net resultant of changes in all of the splanchnie organs for the constituents 
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measured, although it is likely that the changes largely reflect those of hepatie 
metabolism. These changes are independent of the possible variations in 
splanchnic blood flow during the observation period. Thus, in the present 
study, emphasis has been placed on the recording of changes in the direction 
of A-TIV differences after elucose administration, rather than changes in mag- 
nitude. 


Significant differences were observed between the patients with cirrhosis 
and control subjects for some of the parameters studied. The findings are 
discussed in terms of the known altered splanchnic blood flow in patients with 
cirrhosis and in the light of known potassium, inorganie phosphorus, and 
elucose interrelationships in vivo and in vitro. 


MATERIALS AND METILODS 


The data were obtained from patients who required cardiae eatheterization for 


investigation of pathologie conditions of the heart or hepatic vein catheterization for assess 
ment of portal hypertension, A summary of the pertinent: clinieal and chemieal findings 
and the diagnosis for each of the patients is presented in Table I. Certain rigid criteria 
were satisfied for each subjeet before inclusion in the present series: 1) oral daily intake 
of carbohydrate greater than 250 Gm, (2) freedom from ascites and edema, (3) absence 
of a family history of diabetes mellitus, (4) absence of renal disease, (5) normal fasting 
blood sugar, and (6) administration of oral or parenteral vitamin Bo therapy for several 
days prior to investigation of the patients with cirrhosis. 

All subjeets had been fasting for 12 to 14 hours and were in the basal state; no 
premedication was administered. Under 


t} 


local anesthesia Xylocaine without epinephrine ), 
he cardiac catheter was inserted into 


aun antecubital vein and directed under fluoroscopic 


control into the appropriate area. A slow infusion of per cent saline 


containing 
1000 


heparin per 250 ml, was used (o maintain patency of the catheter, After the 
agnostic procedures were completed, the eatheter was placed so that the tip remained 
free in the hepatic vein. An indwelling needle was then fixed in the brachial artery of the 


‘ 


pposite arm, and control blood samples were taken simultaneously from the hepatie vein 
and brachial artery. After 10> minutes, a second 


pair of control samples were drawn. 
milliliters of a 


OU per cent solution of glucose was then injected in a 1 to 2 minute 


riod into a superficial arm vein, After termination of glucose administration, hepatic 
ous and arterial blood was withdrawn simultaneously at 15, 80, 45, 60, 90, and 120 


nutes for chemieal determinations. 


Immediately after withdrawal, the blood was transferred to containers with heparin, 
{ the plasma was separated by centrifugation, If the chemical determinations were not 


pleted on the day of the observation, the plasma was stored at -20° C. Freezing and 
storage in this manner did not affeet the concentrations of the substanees measured. Plasma 


gk oicose was determined by the Nelson method,5 inorganie phosphorus by the Fiske 


and 


harow method® and potassium by a standard flame photometric method. Glucose and 


rganic phosphorus were determined in duplicate and potassium in quadruplicate. 
RESULTS 


Nplanchnic Glucose Metabolism.—There was no signifieant difference in 


Inean arterial plasma glucose concentrations in the fasting state or at any 
rval after the intravenous glucose load between the 6 control subjects and 
10 patients with cirrhosis (Table If). In the fasting state, there was a 
splanchnie glucose output in all patients. The mean, fasting, A-ILTV glucose 
crenee in the patients with cirrhosis was less than in the control subjects; 
difference, however, does not reach a significant level. Beeause one of the 
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fasting values (P. 1H.) was more than four times the mean for the cirrhotic 
group, this value is suspect. If one omits this value from the statistiea| 
analysis, the difference between the two groups is highly signifieant (p <0.001). 
Atter the rapid intravenous glucose load, there was a marked variation 
between individuals for the time when a net splanehnie glucose uptake first 
became apparent. In only 3 of the subjeets (FE. M., P. UL. and F.S.) was there 
a definite net splanchnie glucose uptake by 15 minutes after glucose administra- 
tion; in a single patient with the diagnosis of primary biliary cirrhosis (R. C. 
a net splanchnie glucose uptake was not recorded at any of the sampling 
intervals. The mean <A-ILV glucose differences did not vary significant], 
between the two groups of patients after glucose administration (Fig. 1). 
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Fig. 1.—The plasma A-HV difference for glucose in the fasting state and after the intravenous 
administration of glucose. 


Splanchnic Inorganic Phosphorus Metabolism.— After the intravenous ad- 
ministration of glucose, a decrease in the concentration of inorganie phosphorus 
in the arterial blood plasma occurred in both groups of patients (Table ITI 

In the fasting state, the concentrations of inorganie phosphorus in the arteri:! 
and hepatic venous blood plasma were the same (Fig. 2). In view of the 
wide variation in individual responses, the data were analyzed by the multip e 
classification analysis of varianee.’ By this technique, a net splanehnie in- 
organie phosphorus uptake after glucose administration for the subjeets wi ! 
cirrhosis was significant at a level of p <0.01 (F—12.99 at 1 and 9 degre's 
of freedom). No significant splanchnic uptake of inorganic phosphorus cou 
be demonstrated for the control subjects when the data were analyzed by 1 :¢ 
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same statistical technique. The mean net splanehnie uptake of inorganie phos- 
phorus in the subjeets with cirrhosis took place within the first hour after 
glucose administration. 
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Fie. 2.—The plasma A-HV difference for inorganic phosphorus in the fasting state and after 
the intravenous administration of glucose, 
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MiNUTES 
Fig. 3.—The plasma A-HV difference for potassium in the fasting state and after the 
venous administration of glucose. The 30 minute value for the patients with cirrhosis 
mitted because of incomplete data. 
Nplanchnic Potassium Metabolism.—The arterial plasma potassium levels 
inished in both groups of patients after glucose administration (Table TV). 


arterial and hepatie venous concentrations of potassium did not differ 
ficantly in the fasting state in either group of patients (Table IV). 
hough the mean A-HV values for both groups of patients are positive after 
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elucose administration (Fig. 3), an analysis of varianee reveals a signifieant 
net splanchnie uptake (p—0.005, F=13.29 at 1 and 9 degrees of freedom) 
only in the patients with cirrhosis. The mean net splanchnic uptake of potas- 
sium in the cirrhotic group was greatest 15 minutes after glucose administration 
and had returned to the fasting level at 60 minutes. 


DISCUSSION 

The observations reported here confirm the finding of a splanchnic glucose 
output in the fasting state and a net splanchnie glucose uptake after glucose 
administration. Although an effect of the indueed hyperglycemia on splanch- 
nie glucose metabolism was noted as early as 15 minutes after glucose admin- 
istration (Fig. 1), in approximately half the patients (LL. S., T. W., J. M., D. B., 
B. M., A. P., and M. C.), cessation of splanehnie glucose output did not oeeur 
until 50 to 60 minutes had elapsed. In the comparable hepatie vein eatheter- 
ization studies of Bondy and associates,’ a net splanchnic glucose uptake was 
seen in all subjeets at 15 minutes after the onset of elucose administration. 
This diserepaney may be attributable to the rate of sugar administration; 
in the present study glucose was rapidly injected intravenously, whereas in 


the earlier experiments the glucose was administered over a 15 minute period. 
Our data are consistent with those of Bondy and co-workers? in that a splanehnie 
elucose output may be apparent 90 to 120 minutes after glucose administration 
Table IT) at a time when the arterial glucose concentration is still elevated 
above the fasting level. The in vivo observations of Bearn and collaborators® 
on the decreased splanchnie @lucose output after insulin administration suggest 


iat endogenous insulin seeretion, as a result of hyperglycemia, might influence 
‘patie @lucose secretion. 


After a glucose load, there is a fall in the peripheral blood inorganie 
phosphorus concentration. Some of the loss of inorganie phosphorus from 
e intravascular compartment can be aceounted for by an increased urinary 
evcretion of inorganie phosphorus.” 7° In other studies of large numbers of 
rhotie patients, it has been shown that the mean fall in blood inorganic 
osphorus is greater than in normal subjeets,?:'? but the urinary excretion 
no greater in patients with cirrhosis than in normal subjects..° Our ex- 
riments suggest that there is also an intracellular uptake of inorganie phos- 
orus after glueose loading, and that the state of hepatie carbohydrate 
etabolism influences this uptake. On the basis of intracellular measurements 
phosphorus in the livers of rabbits given cortisone, Nichols’? has postulated 

it inorganic phosphorus is taken up by muscle rather than by liver after 
cose loading. However, the direet measurement of inorganic phosphorus 
‘oss the splanehnie organs, reported here, clearly indieates a net splanchnie 
take of inorganie phosphorus after a glucose load in patients with cirrhosis. 
net splanechnie uptake of inorganie phosphorus could not be demonstrated 
the eontrol subjects under these conditions. The difference between the 


‘tients with cirrhosis and control subjeets in this respect may be explained 
two ways, either: (1) splanchnie inorganie phosphorus metabolism differs 
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in the two groups under the conditions of these observations or (2) the cirrhotic 
liver eompensates for a decreased blood flow by extracting more inorganic 
phosphorus per milliliter of blood than does the normal liver. If the latter 
hypothesis were true, one would not expect to be able to detect the small 
inorganic phosphorus A-HV differences across the normal liver. 

Glucose loading in the human results in a movement of potassium out 
of the intravascular compartment with a consequent fall in serum potassium 
levels. Groen and e¢o-workers'® have shown that there is no extra urinary 
potassium loss after glucose administration, and these authors postulate that 
the potassium enters the cells in exchange for hydrogen ion to form the 
potassium salts of the metabolie products of glucose catabolism. The influence 
of potassium on hepatie glycogen deposition in vitro has been studied ex- 
tensively by Hastings and co-workers.* In addition, potassium has been shown 
to be an essential cofactor for the anaerobie metabolism of elueose.® Our 
data indicate that there was a significant net uptake of potassium by the 
splanchnic organs after glucose administration in the subjeets with cirrhosis 
but not in the control patients. As was the ease with splanehnie inorganic 
phosphorus metabolism, these results may mean that splanehnie potassium 
metabolism differs in the two groups of subjects, or that the ecirrhotie liver 
extracts more potassium from the blood after @lucose loading than does the 
eontrol liver. The latter interpretation implies that there is a net splanechnie 
uptake of potassium after e@lueose loading in the patients with normal livers, 
but the A-ITV differences are too small to measure accurately. 

In the fasting subjeets with cirrhosis, the negative A-HV glucose difference 
was significantly less than in the control subjects. This finding, together with 
the faet that splanehnie blood flow is deereased in cirrhosis’? implies reduction 
in the absolute amount of glucose released by the liver. Although Myers 
found a deereased hepatic glucose output in cirrhosis, a difference in the A-ILV 
difference between normal subjeets and cirrhotic patients was not observed. 
The decreased hepatic glucose output in cirrhosis is probably due to reduetion 
of glycogen stores, and a decreased rate of glucose production from precursors.’ 
Despite the reduced hepatie output of glucose in the fasting patient with 
cirrhosis, the peripheral glucose concentration remains at normal levels. This 
must mean that peripheral utilization is decreased, or that there is an appreciable 
extrahepatic source of glucose or that both conditions exist. Deereased periph- 
eral utilization is suggested by the data of Lang and associates,’’ who demon- 
strated impaired peripheral glucose utilization in eviseerated dogs. There is 
much evidenee, obtained from animal studies, to support the alternative hy- 
pothesis of an extrahepatie source of blood glucose. The kidneys have been 
shown to seerete glucose into the blood in the eviseerated rat,?° 2? in’ the 
eviseerated or hepateetomized in hepatectomized or eviseerated dogs,?* * 
and in the anesthetized®*> and unanesthetized intact dog.*° 


SUMMARY 


Observations of the net splanchnie metabolism of glueose, inorganie phos 
phorus, and potassium by means of simultaneous sampling of arterial an: 
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hepatie venous blood have been made in 10 patients with well-compensated 
cirrhosis and 6 control subjects in the fasting state and after rapid intravenous 
elueose administration. Emphasis was placed on determination of the direction 
rather than the magnitude of change of the parameters studied. 

1. A net splanchnie glucose output was noted in both groups of patients 
during the fasting state. The arterial, fasting blood sugar was normal in 
the subjects with cirrhosis despite a decreased splanchnie glucose output. 

Y. After glucose administration there was a net splanehnie uptake of 
elucose. In only about half the eases was the uptake first recorded between 
30 and 60 minutes after @lucose administration. No differenees could be de- 
tected between the patients with cirrhosis and control subjects. 

3. There was a significant net splanchnic uptake of inorganic phosphorus 
after glucose administration in the patients with cirrhosis but not in the control 


subjeets. 


4. A mean net splanchnic potassium uptake was noted in beth groups of 
patients, but the arterial-hepatie venous differences were significant only in 
the subjects with cirrhosis. 


We would like to acknowledge the excellent nursing assistanee of Sister Mary Cooke 
during the catheterization procedure. Mr. N. W. Please of University College, London, and 
Dr. John Fertig and colleagues of Columbia University assisted with statistical analysis of 
the data. 
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EEEECT OF INTRAVENOUS GLUCOSE ON SPLANCIINIG AND 
PERIPHERAL METABOLISM OF ENDOGENOUS PYRUVATE 
AND CITRATE IN PATIENTS WITEHE CIRRHOSIS AND IN 
SUBJECTS WITHOUT LIVER DISEASE 

Gorpon, M.S., M.D.,* ann ANNE B.S. 
LONDON, ENGLAND 


N TILE previous communieation, the hepatie vein catheterization technique 
was applied to the study of splanelnie elucose, inorganic phosphorus, and 


potassium metabolism.' In a further attempt to define the splanechnie metab- 


olism of glucose, changes in the concentrations of two key intermediates of 
earbohydrate metabolism, pyruvate and citrate, were measured in blood drawn 


simultaneously from the hepatic vein and a peripheral artery after glucose 


administration. These observations were made in both patients with cirrhosis 


and in subjects without liver disease. The changes in splanelnie pyruvate and 
citrate metabolism are diseussed in terms of the known pathways of intermediary 
carbohydrate metabolism. 


In other observations, peripheral arterial-venous pyruvate and eitrate dif- 
ferences were measured in order to assess the pyruvate and citrate contributed 
by the peripheral tissues to the blood. 


MATERIALS AND METHODS 
The subjects studied and the method of the hepatic vein catheterization were those 
ported previously!; one additional control patient (H.M.) was studied. 


When peripheral 
rterial-venous (A-V) differences for citrate 


and pyruvate were measured at the time of 
epatie vein catheterization, peripheral venous blood samples were drawn through an in 
velling needle in a superficial arm vein or in the femoral vein. In one subjeet without 
ver disease, peripheral A-V differences were obtained under the same conditions but with- 
it hepatie vein catheterization. 


Blood for the determination of a-keto acids was collected at 0° C., and one volume of 
ood was added to two volumes of cold 20 per cent trichloroacetic acid within 2 minutes 
‘sampling. The supernatant was then immediately treated as described by Friedemann and 
faugen.2. This method specifically measures the pyruvie and a-ketoglutarie acids of blood. 
studies of fasting, normal subjects’, 4 and patients with cirrhosis,5-7 the blood pyruvic 
a-ketoglutarie acid ratio has been found to be between 5 to 1 and 10 to 1 by chromato- 
aphie analysis. After glucose administration, peripheral blood levels of pyruvate and 
‘etoglutarate increase in both groups, but the ratio remains approximately the same.8 
has been shown® that after the addition of base to equimolar concentrations of the 2-4, 
nitrophenylhydrazones of these two a-keto acids, absorption at 360 to 400 mp by the 
ruvie derivative is about four times that of the a-ketoglutaric derivative. For these 
From the Department of Medicine, Postgraduate Medical School, London, England. 
Received for publication Sept. 14, 1959. 
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reasons, Our results are expressed in terms of pyruvie acid. Plasma ecitrie acid determinations 
were carried out by the Elliott modification of the Natelson, Pincus, and Lugovoy method.10 
All determinations were done in duplieate. 


RESULTS 
Splanchnic Pyruvate Metabolism.—The mean fasting arterial pyruvate level 
was slightly higher in the patients with cirrhosis than in the control subjects 
(Table I), but the difference between the two groups was not statistically sig- 
nificant. After a glueose load the arterial pyruvate concentration rose in all 
TABLE I, CONCENTRATION OF PYRUVATE (wG/ML.) IN HEPATIC VENOUS AND ARTERIAL Boop 


BEFORE AND AFTER ADMINISTRATION OF INTRAVENOUS GLUCOSE TO PATIENTS WITH 
AND Witnout Liver DISEASE 


ARTERIAL HEPATIC VENOUS 
MINUTES AFTER GLUCOSE ) MINUTES AFTER GLUCOSE ) 
PATIENTS INITIAL 30 Go a 120 INITIAI 30 60 a0 120 
Paticnts With Cirrhosis. 

E. M. 10.6 13.0 14.3 7.9 13.4 16.1 

T. W. OS 13.3 9.5 17.6 0.6 6.8 
J. M. 13.0 78 112 Wa 14.2 12.5 16.7 m7 «545 
N. M. 14.6 8.2 15.6 14.6 14.1 13.1 17.9 2 23 
Pr. i. 1235 14.6 13.8 12.9 13.1 11.4 14.6 28 12.6 11.7 
a. W. 10.0 2.8 126 32.2 12.4 9.6 13.1 13.) 
Mean 11.8 14.0) 13.2 12.4 10.7 16.0 45 11.5 
1.2 0.6 0.9 1.1 0.9 0.9 1.2 

Control Subjects. 

11.1 13.4 14.0 12.6 10.6 17.4 43 
M.C. 13.1 7.6 14.4 13.2 12.7 17.0 26.7 18.9 15.8 13.6 
10.5 03 10.2 10.0 10.0 9.7 10.3 9.9 
B. M. 8.5 1.1 120 6.7 9.1 11.9 10.4 
A. FP. 16.2 13.6 13.8 10.8 10.3 9.3 13.9 13.9 10.9 9.0 
Mean 10.7 ia4 2.2 314 11.2 10.7 15.4 14.4 12.4 11.0 
S. E. 0.7 1.2 OD 0 O.5 1.7 3.2 0.0 


subjects; again, no significant difference was noted between the control subjects 
and patients with cirrhosis. In all but one subject (M. C.), the fasting arterial 
blocd level was either the same or higher than the concentration in the hepatic 
vein. After a glueose load, a mean, negative arterial-hepatie venous (A-ILV 

difference was apparent at 30, 60, and 90 minutes in both patients with cirrhosis 
and control subjects, indicating a net splanehnie production of pyruvate (Fie 
1). At 120 minutes a net splanchnic pyruvate uptake was evident; this oc 
curred at a time when the arterial glucose concentration had returned to thi 
fasting level. There was no significant pyruvate A-HV difference between th: 
patients with cirrhesis and the control subjects at any time interval after glucos: 
administration. 


Splanchnic Citrate Metabolism.—The mean, fasting, arterial blood plasm 
citrate concentration was slightly higher in the patients with cirrhosis as con 
pared to the control subjeets (Table II); however, the difference between th 
two groups was not statistically significant. In the fasting state a positive A-II\ 
difference in both the patients with cirrhosis and control subjects indicates 
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TABLE II. CONCENTRATION OF CITRATE (uG/ML.) IN HEPATIC VENOUS AND ARTERIAL BLOOD PLASMA 
BEFORE AND AFTER ADMINISTRATION OF INTRAVENOUS GLUCOSE TO PATIENTS WitH AND WitrHoutT LIVER 
DISEASE 
ARTERIAL HEPATIC VENOUS 
(MINUTES AFTER GLUCOSE ) (MINUTES AFTER GLUCOSE ) 
PATIENTS |INITIAL| 15 30 15 60 90 120 15 | 30 | 45 60 | 90 
Patiints With Cirrhosis.— 
L. 8. 33.6 263 31,3 29.7 32.6 23.4 18.2 19.8 4.5 19.2 17.8 18.2 10.6 9.6 
E. M. 21.4 19.8 19.5 18.7 15.8 15.8 18.9 i7@ 183 1236 168 164 125 
J. M. 31.5 253 263 2509 258 2452 23.0 30.0 272 240 230 225 204 347 
W. M. 13.4 $1.6 44.0 41.1 38.6 38.4 39.4 39.8 10:7 33.0 35.7 32:2 300 316 
25.6 298 31.0 29:2 31.1 21.8 20.9 11.0 256 26.7 26.3 224 20.4 
J. W 20.7 19.1 1S. i 8.7 S.4 11.1 IS.4 19.6 16.5 10.2 9.2 10.9 7.3 
R.C 15.2 132 122 10.7 64 9.8 9.6 6.9 6.4 
Mean 25.9 26.3 24.2 19.3 20.2 21.4 22.6 4 19.6 18.9 16.0 16.0 
3.4 3.9 3.9 1.4 4.0 a7 1.7 3.6 3.1 3.6 3.4 $2 3.7 
Control Subjects. 
J. B. 16.8 16.8 14.8 10.3 10.6 7.9 9.1 12.4 13.1 y ge 7.4 7.8 7.0 8.8 
M.C. 17.0 15.6 15.6 13.3 13.2 14.7 9.8 8.7 6.6 10.4 y 11.0 6.2 
F.S. 23.4 21.0 18.9 20.4 17.8 15.3 13.8 15.8 16.4 19.0 15.5 14.4 16.9 15.8 
M. 19.8 20.6 23.0 24.7 20.1 19.6 18.4 20.4 1.4 223 200 218 83 12.0 
25.4 30.7 19.4 16.1 4 15.4 31.2 26.5 23.8 14.2 20 
M. 29.4 26.8 27.7 270 274 27.8 29.8 24.0 205 23.8 224 24.8 24.8 
Mean 234 210 218 192 175 162 160 19.0 174 172 14.7 15.7 148 134 
Ss. 2.8 1.8 2.4 256 2.4 3.0 2.8 2.8 
12 
om 
| \ e a 
e 
-08 
\ 
a GLUCOSE 
> \ 
O---0 CONTROL 
> -20 
@——® CIRRHOT! 
fe) 5 30 45 60 90 120 
MINUTES 
“ig. 1.—The whole blood A-HV difference for pyruvate in the fasting state and after the intra- 
venous administration of glucose. 
net splanchnie uptake of eitrate* (Fig. 2). After intravenous glucose ad- 
ministration, the average arterial plasma citrate concentration fell slowly during 
‘he entire period of observation. A net splanchnic citrate uptake was evident 
it all sampling intervals. An analysis of variance using the multiple elassifiea- 
ion teechnique™ revealed that the A-HV difference did not change after glucose 
idministration (F = 0.95 at 36 and 6 degrees of freedom, p > 0.25), and that 
*It has been shown that the concentration of citrate in the portal venous blood of rabbits, 
ats," and dogs™ is greater than in arterial blood; therefore it would be more accurate to use 
he term, net hepatic uptake, here. 
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the A-ILV difference was not significantly different at any time interval between 
the 2 groups of patients (F 0.50 at Land 11 degrees of freedom, p > 0.25). 

Peripheral Pyruvate and Citrate Mevabolism.—lt ean be seen from Fig. 5 
that there is a net peripheral release of citrate into the venous blood as indicated 
by a negative A-V difference. After glucose administration, the peripheral A-V 
citrate difference narrows between 30 and 90 minutes and returns to fasting 
levels at 120 minutes. Although the data suggest that the fall in the arterial 
level of citrate after glucose administration was due to a decreased peripheral 
release of citrate, this interpretation does not take into account possible changes 
in peripheral blood flow. No A-V pyruvate differenees were noted either in 


the fasting state or after glucose administration (Fig. 3). 
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Fig. 2.—The plasma A-HV difference for citrate in the fasting state and after the intravenous 
administration of glucose 


DISCUSSION 


The simultaneous measurements of pyruvate and citrate in blood entering 
and leaving the splanchnic area and the peripheral tissues provide a means of 
following the metabolie fate of injeeted @luecose in humans. Our observations 
confirm previous studies’? which demonstrated a small net splanchnie uptake of 
pyruvate under fasting, basal conditions. It is possible that pyruvate serves as 
one of the substrates for hepatic elueose formation under sueh conditions. In 
the investigations of others," ' the coneentration of pyruvate in the pe 
ripheral blood of subjeets with cirrhosis exeeeded that in the eontrol subjects 
The present study does not bear out this finding. The diserepaney is most 
likely due to the inelusion of only subjeets with well-compensated cirrhosis in 
our study. The fasting A-HV pyruvate difference did not vary significantly be 
tween the two groups. 

After glucose administration the splanchnie uptake of pyruvate ceases and 
there is a small but significant output of pyruvate by the splanehnie organs: 
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this occurs at a time when glucose is being utilized by the splanchnic organs. 
A-HV pyruvate differences after glucose administration did not vary signifi- 
eantly between the two groups. Apparently the tissues of the extremities do 
not markedly influence the blood pyruvate concentration under the conditions 
of these observations (Fig. 3). 

Citrate is actively metabolized by the kidneys of intaet dogs'’ and by per- 
fused, isolated rabbit and eat livers.'' > The data presented here indicate that 
the human liver is also capable of metabolizing appreciable amounts of citrate. 
Although the peripheral plasma citrate level has been reported to be elevated 
in liver disease,'’ no difference in the fasting arterial or A—-HV levels could be 
demonstrated between patients with cirrhosis as compared with subjects free 
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Fig. 3.—The peripheral A-V differences for pyruvate and citrate in the fasting state and 
fter glucose administration. The values represent data obtained from 7 patients. The vertical 
nes indicate the mean + standard error of the mean. The mean arterial glucose concentra- 
on is depicted at the top of the figure. 


‘rom liver disease in this study. Our data on the uptake of blood citrate by 
‘he liver and the data of Herndon and Freeman" on the renal uptake of citrate 
ire consistent with the hypothesis that the citrate of the blood is turned over 
‘t avery rapid rate. The average clearance of citrate by the liver of subjects 
na fasting state was 20 per cent (A-ILV difference « 100 divided by arterial 
‘oneentration). In the fasting state, maintenance of a relatively constant pe- 
ipheral blood level in the face of rapid elearanee from the blood is aeeomplished 
the extrahepatie splanchnic organs'': and by the peripheral (Fig. 


Thus, despite the low concentration of citrate in the peripheral blood 


1.5 to 3.0 mg. per cent), its rapid turnover would suggest that it serves as an 
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important intermediate in the metabolism of the organism. Such a situation 
is analogous to the important metabolic role of the rapid turnover of unesterified 
fatty acids of the blood.*! 


In the experiments reported here, the level of citrate in the peripheral blood 
falls after a glucose load as has been reported by Natelson and co-workers,*? vet 
the splanchnic uptake of citrate continues (Fig. 2). 

Measurements of the concentration of citrate in the arterial and venous 
blood plasma of an extremity suggest that the peripheral citrate output di- 
minishes after glucose administration (Fig. 3). In view of the demonstrations 


of large stores of citrate in bone by Dickens,** and the demonstration of citrate 
release from bone of intact dogs,?* it seems likely that glucose must direetly or 


indirectly influence the citrate release from bone rather than muscle. 


GLYCOGEN HMP 
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PYRUVATE 
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Fig. 4.—Schematic representation of intracellular hepatic metabolism. The heavy inter- 
rupted line indicates the postulated rate limiting mechanism after glucose administration, as 
discussed in the text. The arrows traversing the cell membrane indicate the direction of net 
change of the metabolites. The following abbreviations have been used: ECF, extracellular 
fluid, HMP, hexose monophosphate shunt, ~P, adenosine triphosphate, and TCA cycle, tri- 
carboxylic acid cycle. 


The simultaneous splanchnic release of pyruvate and uptake of citrate after 
glucose loading is provided as evidence for the existence of a rate limiting 


3 mechanism in the metabolism of pyruvate to CO, and H.O via acetyl CoA 
a 7 formation and subsequent condensation with oxaloacetate to vield citrate (Fig. 
ia 4). This interpretation receives support from the recent investigations of 
Freedman and Graff®® with rat liver. These authors coneluded from thei! 


studies with C**-alanine in the fasted rat that the carbon atoms of py- 
ruvate enter the citrie acid cycle by means of CO, fixation. There are several! 
possible explanations for these observations: (1) deficieney of enzymes or co 


factors which are required to convert pyruvate to acetyl CoA, (2) deficiency in 
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the enzyme system responsible for the condensation of acetyl] CoA with oxalo- 
acetate, or (3) relative lack of acetyl] CoA acceptor, i.e., oxaloacetate. The last 
possibility seems remote since the oxidation of citrate would provide oxaloacetate, 
and in addition oxaloacetate could be formed directly from pyruvate by CO. 
fixation. 


SUMMARY 


A study of subjects with well-compensated cirrhosis and patients without 
liver disease by means of the hepatie vein catheterization teehnique revealed a 
net splanehnie uptake of pyruvate and citrate from the blood in the basal state. 
After intravenous glucose administration there was a net splanchnie pyruvate 
produetion in the face of continuing splanchnie citrate uptake. No signifieant 
differences were noted between the two groups of patients. 

Peripheral arterial-venous (A-V) differences demonstrated a release of 
citrate from the peripheral tissues in the fasting state. After glucose administra- 
tion, the A-V citrate difference diminished. There was no difference between 
the arterial and peripheral venous pyruvate concentrations under the condi- 
tions of these observations. 

The data are consistent with the hypotheses that the plasma citrate is 
rapidly turned over in the organism, and that a rate limiting mechanism is 
present in the liver for the conversion of pyruvate to CO, and H.O via acetyl 
CoA and subsequent condensation of the latter compound with oxaloacetate to 
form citrate after glucose administration. 


We would like to acknowledge the excellent nursing assistance of Sister Mary Cooke 
during the catheterization procedure. Mr. N. W. Please of University College, London, and 
Dr. John Fertig and colleagues of Columbia University assisted with the statistical analysis 
of the data. 


Weare grateful to Dr. S. Sherlock for her interest and advice. 
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THE EFFECT OF ACUTE HYPERVENTILATION ON THE BLOOD 
AMMONIA CONCENTRATION OF PATIENTS WITH LIVER DISEASE 
The Revarive or THE KipNey, Liver, AND EXTREMITY 


J. NormMAN Berry, M.D.,* Epwarp Owen, M.D., Joun FL FLANAGAN, M.D., 


AND Mancoum P. Tyor, M.D. 
DurRHAM, N. C. 


ATIENTS with liver disease may exhibit progressive inereases in arterial 


ammonia coneentration in the apparent absence of an exogenous ammonia 


souree.* In these instances, the kidney, liver, brain, and extremities represent 


potential contributors to the blood ammonia.’ Previous observations have dem- 


onstrated that the kidney usually releases ammonia into the systemie cireula- 


tion,*® whereas the other organs concerned with ammonia metabolism generally 
serve as ammonia receivers.** 


The parenteral administration of acetazoleamide'’ 
and ehlorothiazide!! 


to patients with liver disease results in a prompt inerease in 
the release of ammonia into the renal vein, which is associated with a progressive 


rise in the arterial ammonia concentration. The maenitude of this increased 


inevement of ammonia released into the renal vein after administration of 
acetazoleamide and chlorothiazide may be correlated with the extent of the rise 
in urine may also produce an alkaline urine,'* and, in ad- 
dition, may alter organ ammonia removal through changes in the NH,:NH, 
ratio’ and the pIL gradient between blood and tissue.’ In view of these re- 
ports, as well as the hyperpnea and respiratory alkalosis’ exhibited by patients 
with liver disease and encephalopathy, observations have been made on the 


ffeet of acute induced hyperventilation on the arterial ammonia concentration. 


METHODS 
Twenty men with liver disease were studied. Their ages ranged from 27 to 73 years. 
iver biopsy revealed Laennee’s cirrhosis in 


13 patients, fatty metamorphosis in 2, and 
epatitis in 1, 


Three were clinically cirrhotic, and 1 had chemical dysfunction. None dis- 
layed evidence of precoma or progressive hepatic deterioration at the time of the study. 

All patients were recumbent and in the fasting state. Arterial samples were obtained 
rom a brachial artery, and renal (13 patients) and hepatic (7 patients) venous samples 
y means of a No. 8 intravenous catheter previously positioned under fluoroscopic control. 
enal venous blood was identified from catheter position and apparent arterialization; a 


irrowed arterial-venous oxygen difference was regarded as confirmatory. Femoral venous 
od was obtained from an indwelling needle in 5 of the 7 patients who had undergone 
patie vein catheterization. 
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Simultaneous arterial and vencus samples were obtained during 1 or 2 control periods. 
Each patient was then instructed to hyperventilate continuously for 20 minutes. Samples 
were collected after 5 to 10 minutes of hyperventilation, after 20 minutes of hyperventilation, 
and 20 minutes after hyperventilation had ceased. 

Blood ammonia (NI,) was measured by a modifications of the microdiffusion method 
of Brown and co-workers.) The pH of whole blood was measured at room temperature 
with a Cambridge model R pH meter equipped with an enelosed glass electrode; the results 
were corrected to 37° C. by Rosenthal’s faetor.16 The earbon dioxide content of whole blood 
was determined by the method of Van Slyke and Neill.17 Carbon dioxide tension was eal- 
culated from this value, the pH and hemoglobin concentration by the line chart of Van Slyke 
and Sendroy,!8 using a pK of 6.11. Oxygen content and saturation were determined by 
the speetrophotometric method of Hickam and Frayser.19 

In this study, a positive arterial-venous ammonia difference across an organ was 
interpreted as ammonia uptake, whereas a negative arterial-venous ammonia difference 
indicated ammonia release, 


RESULTS 


Hyperventilation was associated with a rise in arterial pH and a fall in 


pCO, in all patients. Mean values were as follows: resting pI] = 7.41 + 0.05, 
pCO, = 38.2 + 7.2 mm. He; after 5 to 10 minutes of hyperventilation, pIL = 
7.97 + 0.08, pCO, = 23.9 + 6.1 mm. Ig; after 20 minutes of hyperventilation, 
pil = 7.60 + 0.09, pCO, = 22.6 + 6.5 mm. He: and 20 minutes after hyper- 


ventilation had ceased pH = 7.45 + 0.07 and pCO, 34 + 7.0 mm. He. 

The Effect of Hyperventilation on the Arterial Ammonia Concentration. 
As shown in Table I, arterial ammonia concentration inereased signifieantly 
during the first 10 minutes of hyperventilation and remained elevated during 


TABLE IT.) Tue Errecr or VoLUuNTARY JTIYPERVENTILATION ON THE ARTERIAL AMMONIA 
CONCENTRATION® IN PATIENTS Liver DISEASE 


DURING HYPERVENTILATION °0 MIN. AFTER 

PATIENT CONTROL 5 TO 10 MIN. 20 MIN. HYPERVENTILATION 
J. @ 9] 99 104 100 
W. N. 229 207 238 214 
M. W. 87 105 113 95 
A. H. 71 99 97 — 
113 166 169 161 
M. Wil S4 SS 101 94 
Cc. F. 123 133 134 151 
V. W. 121 127 153 142 
W. Na. 134 149 141 160 
J. B. 127 182 204 160 
Mil. W 105 115 144 145 
H. P. 120 108 135 72 
Cc. W. 84 99 88 80 
A. W. 114 135 130 133 
L. W. 107 114 130 125 
E. L. 90 113 131 102 
C. K. 111 119 108 110 
M. C. 130 129 129 141 
Mean 110 23 131 130 

pt <0.01 <0.01 <0.01 


*Micrograms per 100 ml. (NH). 
per 100 ml, 
tRefers to change from control value. 
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the remainder of the study, including the 20 minute posthyperventilation period. 
None of the patients exhibited evidence of neurologie deterioration during or 
after the period of overbreathing. 


The Effect of Iyperventilation on Renal Ammonia Release.—Resting ar- 
terial-venous ammonia differences were consistently negative (Fig. 1). (Mean 


41 + 29 pe per 100 ml., indicating release of ammonia into the systemic 
circulation.) There was considerable individual variation during both the 
hyperventilation and recovery periods, and mean arterial-renal venous differ- 
ences remained essentially unchanged from those of control values. However, 
the release of ammonia into the renal vein after 20 minutes of hyperventilation 
was significantly decreased when compared with values obtained after 5 to 10 


minutes (mean = —29 and —44 pg per 100 ml., respectively, p = < 0.05). 

Ammonia Uptake by Liver and Lower Extremity —Resting values for 
hepatic and femoral arterial-venous ammonia differences were consistently 
positive, indicating ammonia removal by the liver and periphery (Fig. 1). 
Although the mean arterial-venous ammonia differences across both liver and 
lower extremity increased during hyperventilation, significance was approached 
(p= < 0.1) only by the values obtained aeross the liver after 20 minutes of 
hyperventilation. 
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Fig. 1.—The effect of voluntary hyperventilation on the mean hepatic, femoral, and 
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During the recovery period, the mean hepatic arterial-venous ammonia 
difference was significantly greater (p = < 0.05) than the eontrol value. 


DISCUSSION 

It is apparent that patients with liver disease with or without arterial 
hyperammonemia may exhibit significant elevations in arterial ammonia con- 
centration during and after acute voluntary hyperventilation. The origin of 
this inereased increment of blood ammonia could be attributed cither to a 
greater endogenous ammonia production or to a decrease in organ removal. 

Renal arterial-venous ammonia differenees were variably affected by hyper- 
ventilation, and the kidney did not appear to be a source of the observed increase 
in arterial ammonia concentration. Indeed, there was a modest but signifieant 
decrease in the release of ammonia into the renal vein when values obtained 
during the initial phase of hyperventilation were compared with the 20 minute 
period, a time when the arterial concentration was maximally inereased. Renal 
blood flow,'’ measured concomitantly in 8 patients, was not significantly altered. 
Previous observations in patients with liver disease given accetazoleamide' 
and chlorothiazide’’ intravenously have suggested that the relative amounts 
of ammonia released into the urine and renal vein are dependent upon their 
respective pH’s; acetazoleamide and chlorothiazide rapidly and uniformly in- 
crease urine pil and deerease ammonia release into the urine, whereas arterial 
and renal venous pil remain essentially unchanged and renal vein ammonia 
increases twofold. Voluntary hyperventilation in normal subjects usually 
results in a rise in urine pH and a decrease in urine ammonia excretion which 
is somewhat variable in its temporal relationship.'? In contrast to acetazole- 
amide and chlorethiazide, hyperventilation is associated with a rapid and 
fairly uniform inerease in arterial pH and, presumably, renal venous pH. The 
observed individual variations in the release of ammonia into the renal vein 
during hyperventilation are in keeping with a more complex effect than that 
seen after administration of acetazoleamide or chlorothiazide sinee both 
tubular urine and renal venous pIf are probably variably altered by acute 
respiratory alkalosis. Simultaneous measurements of urine and renal venous 
blood should be of aid in this evaluation. 

Although release of ammonia from the liver’ and extremity’ has been 
reported in some patients with marked hepatie dysfunction and eneephalopathy, 
the present data indieate that aeute respiratory alkalosis does not alter the 
primary role of these organs as ammonia receivers. Despite the absence ot! 
significant changes in arterial-venous ammonia difference for both organs, tl 
general trend was that of inereased uptake. The observations aeross the periph 
ery are consistent with recent studies,** which have shown that 60 to {0 
minutes of respiratory alkalosis results in an inereased muscle ammonia con 
centration in hyperammonemie dogs. The lack of significant differences a‘ 
comparable pH’s, however, suggests that time may be a major factor or tha 
other physiologic variants may be in effect in these patients with chronic live: 
disease. The significant inerease in arterial-hepatie venous difference at th: 
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20 minute posthyperventilation period is in contrast to the declining value for 
peripheral ammonia uptake. This difference in response may be explained 
by the several factors known to affeet hepatic ammonia metabolism® other than 
the probable influence of a blood-tissue pIT gradient. 

It is apparent that the origin of the increased increment of blood ammonia 
in hyperventilated patients with liver disease remains speculative. Earlier 
studies’? have demonstrated an clevated ammonia content in venous blood 
draining an exercising forearm. An increased ammonia coneentration has been 
observed ‘‘during the hyperpneie period following exercise.’”*! It would seem 
possible since musele has an active glutamie dehydrogenase system’ that the 
respiratory muscles may be a souree of the observed inerease in ammonia 
concentration, 


SUMMARY 


Voluntary hyperventilation in 20 patients with liver disease resulted in 
a significant clevation of arterial ammonia concentration which was evident 
at 10 and 20 minutes and persisted during a 20 minute posthyperventilation 
period. 

The origin of this inereased inerement of blood ammonia could not be 
attributed to a greater release of ammonia into the renal vein, nor to a lessened 
uptake of ammonia by the liver or lower extremity. Each organ maintained 
iis primary role as an ammonia donor (e.g., kidney) or ammonia reeeiver 
e.g., liver and peripheral muscle) throughout the entire period of observation. 

The possible sources of ammonia during acute hyperventilation are dis- 
cussed. 
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AMMONIA TOLERANCE IN LIVER DISEASE 


O. Conx, M.D.* 
NEW CONN. 


IIE first ammonia tolerance tests were reported by Van Caulaert and 
Deviller' in 1932. These authors found no rise in venous blood ammonia 
after the ingestion of 5 Gm. of ammonium chloride in normal subjects or 
patients with obstructive jaundice or hepatitis. They noted, however, a rapid 
and sustained elevation of the blood ammonia concentration in patients with 
cirrhosis. The occurrence of normal ammonia tolerance in hepatitis, despite 
severe hepatie parenchymal damage, led them to conelude that abnormal 
ammonia tolerance in cirrhosis was due to the shunting of portal blood to the 
systemie circulation rather than to impaired extraction of ammonia by the liver. 
Kirk,? in similar studies, found no rise in the blood ammonia in patients with 
acute hepatitis or obstruetive jaundice after 10 Gm. of ammonium citrate had 
heen given, but he, too, noted abnormal ammonia tolerance in patients with 
cirrhosis. Moreover, he demonstrated that urea synthesis was normal in each of 
these groups and concurred with the conelusion that abnormal ammonia toler- 
unee resulted from the diversion of portal blood through collateral veins to the 
systemie cireulation. Roger and Stahl* also found abnormal ammonia tolerance 
iests in patients with cirrhosis or portal vein obstruction, and normal ammonia 
tolerance in patients with other diseases of the liver. In addition, these authors 
studied hepatie and peripheral venous ammonia levels in patients with cirrhosis 
viven 5 Gm. of ammonium acetate and demonstrated impaired hepatic clearance 
of ammonia.‘ They postulated that the elevated hepatie vein ammonia levels 
resulted from inadequate contact between portal blood and the hepatie 
arenchymal cells caused by the arehitectural changes of cirrhosis, and eon- 
cluded that the inereased peripheral blood ammonia levels were due to both 
intra- and extrahepatie portasystemie anastomoses." 

White and co-workers® recently reported a series of ammonia tolerance 
ests whieh was at variance with these previous investigations. After the 
dministration of 3 Gm. of ammonium chloride they noted abnormal ammonia 
oleranee in patients with hepatitis and obstructive jaundice as well as in those 
vith cirrhosis. Simultaneous measurement of hepatie vein ammonia levels led 
hese authors to attribute the abnormal results to defective hepatocellular 
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funetion in patients with hepatitis, and to both portasystemie shunting and 
deereased hepatic extraction in patients with cirrhosis. The abnormal tests 
in patients with obstruetive jaundice could not be interpreted satisfactorily. 

The explanation for these contradictory observations is not clear. The 
dosage, type of ammonium compounds administered, and method used for the 
determination of blood ammonia differed in each study (Table I). None of 
these investigators related in detail the clinical aspects of the patients to the 
ammonia tolerance test, 

The present study was undertaken to reassess the ammonia tolerance test in 
patients with various types of liver disease and to correlate the test results with 
the ¢linical, laboratory, and histologie aspects of these disorders. 


TABLE IL. AMMONIA TOLERANCE TEST: TECHNIQUES EMPLOYED 


| AMOUNT CONTENT OF 
INVESTIGATOR AND | EMPLOYED NH, N BLOOD NH 
REFERENCE AMMONIUM SALT | (GM.) (MG. PECHNIQUI 
Van Caulaert and Ammonium ehloride a 1,350 Parnas 
Devillert 
Kirk? Ammonium citrate 10 1,730 Van Slyke and 
Hiller 
Roger and Stahl Ammonium acetate 5 1,100 Parnas 
White and co-workers Ammonium chloride 3 TOO Conway 
Conn Ammonium chloride 3 THO Seligson and 
Hirahara 
METHODS 


All observations were made on patients who had been admitted to the West Haven 
Veterans Administration Hospital or the Grace-New Haven Community Hospital. All 
patients had been fasting for % to 12 hours and none were receiving antibioties, arginine, 
or glutamic acid at the time the test was performed. Tests were not carried out on pa- 
tients with impending hepatic coma, severe nausea, or vomiting. Blood was withdrawn 
from an antecubital vein without stasis or exercise, after which Bromsulphalein dye was 
injected. Organon heparin (10 mg. per milliliter) was used for anticoagulation. Three 
grams of ammonium chloride was administered as nonenterie coated tablets with approxi 
mately 250 ml. of water. The patients remained at rest throughout the study. Fort, 
five and 120 minutes later blood was drawn from the opposite arm for blood ammonia and 
Bromsulphalein determinations. In some patients arterial blood was obtained through 
an indwelling Cournand needle simultaneously with the venous samples. Arterial pif was 
determined before and after ammonium chloride administration in some patients. 

The blood ammonia concentrations were determined according to the method ot 
Seligson and Hirahara.? The Bromsulphalein method of Gaeblers was utilized. Liver 
function tests were done according to the methods previously described from these 
laboratories® except that serum proteins were measured by the Gornall biuret tech 
nique.10,11 Hydrogen ion concentration was determined with the Cambridge model R pH 
meter. Serum glutamic oxalacetic transaminase (SGOT) was performed by the method ot 
Reitman and Frankel.12) The Vim Silverman needle was used for liver biopsies and the 
intercostal approach was employed. Esophagoscopic examinations were performed using 
the flexible Eder-Hufford esophagoscope. 


RESULTS 
The control group consisted of 18 normal volunteers and 7 patients wit! 


minor nonhepatie disorders. The mean fasting blood ammonia level in thes 
subjects was 102 »g per 100 ml. and ranged from 60 to 150 »g per 100 ml. 
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Characteristically, the ammonia tolerance test in this group was flat (Fig. 
1). The blood ammonia concentration 45 and 120 minutes after administration 
of ammonia ehloride showed no sienifieant change from that of the fasting 
levels (Table I1).) In no instance did the 45 minute blood ammonia concentra- 
tion exceed the upper limit of normal (150.2 per 100 ml.). Bromsulphalein 
retention was normal in each subject. 

Nineteen patients with obstruetive jaundice of 


diverse etiologies were 
studied. 


In 17 the diagnosis was confirmed by biopsy, surgical exploration, or 
autopsy. In each of these patients the liver funetion tests were characterized 
by inereased levels of serum bilirubin, alkaline phosphatase, and Bromsulphalein 
retention. The cephalin flocculation and thymol turbidity tests were invariably 
normal. With a single exception, all patients exhibited) normal ammonia 
tolerance (Fig. 1). 


TABLE IT. AMMONIA TOLERANCE TESTS IN LIVER DISEASE 


NO. IN BLOOD AMMONTIA® ML. ) BROMSULPHALEIN 
DIAGNOSIS GROUP FASTING 15 MIN. 120 MIN. RETENTION %) 
Control subjects 25 102 + 23 104 + 24 97 +18 af 
Obstructive jaundice 19 103 + 20 119 + 25 110+18 40 + 20 
Hepatitis 22 100 + 20 142 + 64 — 40 +18 
Cirrhosis 60 132 + 60 260 + 60 209 + 27 33215 
Portacaval shunts 1S 140 + 45 342 + 85 252 = 52 26+ 10 
Hepatie fibrosis and/or 
fatty infiltration 15 100 +19 17 112+18 24 


*Mean + standard deviation. 


Twenty-two patients with hepatitis were studied. Seventeen had viral 
hepatitis and the remainder had drug indueed hepatitis. Histologie confirma- 
tion was obtained in 20. Normal ammonia tolerance was observed in 16 (Tig. 
|). The 6 patients with abnormal ammonia tolerance tests were studied serially 
and will be diseussed below. Bromsulphalein retention was increased in all 
patients, 

Sixty patients with cirrhosis were studied. The diagnosis was confirmed 
istologieally in 50 and was evident clinieally in the others. Fifty-two patients 
ad Laennee’s cirrhosis, 4 posthepatie cirrhosis, hemochromatosis, and 1 

cirrhosis secondary to sarcoidosis. Approximately half of the patients exhibited 
undiee, ascites, and edema. The other half had less severe degrees of hepatic 
‘compensation. Abnormal ammonia tolerance curves were observed in 50 
itients. These abnormalities characteristically consisted of a high normal or 
evated fasting blood ammonia level and a large sustained elevation after 
umonium ehloride (Fig. 1, Table IT). Normal ammonia tolerance was ex- 
hited by 10 patients. 


In 18 patients with cirrhosis with portasystemie shunts, ammonia tolerance 
sts showed the mean fasting blood ammonia level was at the upper limit of 
rmal. The 45 and 120 minute blood ammonia levels grossly exeeeded the 
vresponding levels in the patients with cirrhosis (Fig. 1, Table IT). The 
ean Bromsulphalein retention, however, was less abnormal than in the 
‘tients with cirrhosis. 
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Fatty infiltration of the liver, portal fibrosis, or both were diagnosed by 
liver biopsy in 15 patients. Although there was an increase in the fibrous tissue 
of the portal zones, there was no distortion of the normal lobular pattern. 
Ammonia tolerance tests were normal in all 15 patients. 

Ammonia tolerance tests with simultaneous arterial and venous sampling 
were performed in control subjects and in patients with hepatitis or cirrhosis to 
evaluate the role of the peripheral tissues on ammonia tolerance (Fig. 2, Table 
1J1).* These studies in general confirmed the results obtained with venous 
determinations alone, but, in addition, demonstrated that occasional false 
normal tests oceurred when based on venous standards alone. One of 4 patients 
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Fig. 1—Ammonia tolerance in liver disease. The mean blood ammonia values after the 
oral administration of 3 Gm. of ammonium chloride are depicted for each group of patients 
The hatched area represents the normal range. Mean values and standard deviations are pre 
sented in Table II. 


with hepatitis and 1 of 10 with cirrhosis showed normal venous ammonia values 
but abnormally high arterial levels 45 minutes after ammonium chloride 
Variations in the extraction of ammonia by the peripheral tissues may thus 
significantly influence the results of this test. 

Arterial hydrogen ion concentration was not altered 45 minutes after th: 
administration of 3 Gm. of ammonium chloride. 

Nausea in varying degrees developed in most of the subjects of this stud: 
and vomiting was precipitated in 6 per cent. The results in these cases wer 


*The patients presented in Table III and Fig. 2 are not representative of the whole grou) 
but contain an inordinate number of patients with hepatitis with impaired ammonia toleran 
and patients with cirrhosis with normal tolerance. 
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disearded. Mild neurologic symptoms, consisting of confusion and asterixis were 
precipitated transiently in 2 patients with cirrhosis. 

Preliminary studies indicated that the 45 minute blood ammonia determina- 
tion aeeurately reflected ammonia tolerance in these patients, and that the 120 
minute specimen was of little additional value. Consequently this determina- 
tion was omitted in approximately half of the studies reported here. 

DISCUSSION 

The determination of ammonia tolerance, although apparently simple, is a 
complieated test dependent on the simultaneous activities of several organs, 
and subject to modification by many factors. A brief review of ammonia 
metabolism will delineate some of the factors which may affect the peripheral 
venous ammonia concentration after the ingestion of an ammonium salt. 


400}- 
NORMAL (65) HEPATITIS (4) 
WS: 
FASTING 45 MIN FASTING 45 MIN 


big. 2.—Arterial and venous ammonia tolerance tests in liver disease. The mean arterial 
and venous ammonia values are plotted, 


Ammonia is a key intermediate in the metabolism of nitrogen. The gastro- 
testinal tract is the major portal of entry of ammonia which arises from the 
eterial hydrolysis of urea'’ and the deamination of dietary proteins. The 
imonia is carried to the liver where it is extracted'*' and stored as glutamine 
itil it is utilized in the synthesis of urea or protein.’? Besides removing 
imonia from the circulation, the liver also liberates ammonia in the course 
deaminating amino acids and degrading other nitrogenous compounds.'* 7° 
msequently, the ammonia content of the hepatic vein represents the sum of 
¢ unextraeted portal vein ammonia and that contributed by the liver. 

Although the kidney is the primary site for the excretion of nitrogen and 
umonium ions from the body it also contributes to the blood ammonia level. 
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Renal vein ammonia levels are always higher than simultaneous arterial 
levels.1 1" 2°) It appears, paradoxieally, that the more ammonia formed in the 
kidney for exeretion, the more “leaks back” into the systemie cireulation.”® 

Under normal resting conditions the peripheral tissues appear to take up 
a small amount of ammonia. During muscular activity, however, ammonia is 
liberated in large quantities.*": ** In the face of rising arterial ammonia levels, 
as much as 40 per cent of the arterial ammonia may be extracted by the extremi- 
ties"? Brain tissue also appears to remove ammonia from the blood, although 
to a lesser degree than the extremities.*% 


TABLE TIT. ARTERIAL-VENOUS AMMONIA TOLERANCE TESTS 


FASTING BLOOD AMMONIA 15 MINUTE BLOOD AMMONIA 
(uG/100 ML.) (pG/100 ML. 
A-V A-V 
PATIENT ARTERILAL VENOUS DIFFERENCE ARTERIAI VENOUS DIFFERENCH 
Normal, 
1 101 9S 3 SS 2 
2 121 109 +12 141 126 - U3 
3 128 G8 +30 150 31 + 19 
1 106 94 +12 111 101 + 10 
108 97 +11 131 106 + 25 
Mean +14 125 110 + 15 
Ie patitis. 
A. R. 104 100 + 4 IS] 133 1S 
142 13 +11 186 167 
118 106 +12 320 308 12 
L.R 105 100 + 5 194 216 yd 
Mean 117 109 + 8 206 + 14 
Cirrhosis. 
°6 141 114 +27 386 342 + 44 
4 f 108 90 +18 104 118 14 
36 100 70 +30 141 23 +210 
37 198 a3 +45 452 10S + 44 
42 118 119 l 130 117 + 13 
17 132 132 0 162 164 2 
50 96 105 9 130 37 7 
oS POS 169 +36 380 346 + 3 
61 147 143 — 396 206 0 
62 144 99 +45 225 121 +104 
Mean 39 19 420 238 + 42 


The result, then, of a venous ammonia tolerance test in a normal individua! 
depends primarily on the hepatie clearance of the absorbed ammonium. salt 
In the cirrhotie patient, however, extra- and intrahepatic portasystemie shunt 
ing, as well as hepatie parenchymal damage, permit an elevation of the systemir 
blood ammonia coneentration. In addition, the ability of the peripheral tissue: 
to extract ammonia from the arterial blood varies greatly and henee may affee' 
the results unpredictably. Finally, the antecedent diet and medications, a 
well as unrecognized factors, may influence the results. The venous ammoni 
level after the oral administration of ammonium salts, therefore, represents th 
net result of multiple factors. Nevertheless, our results indicate that th 
ammonia tolerance test correlates fairly well with certain features of liv 
disease. 
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Ammonia Tolerance in Normal Subjects —Our control group showed no 
significant inerease above the fasting blood ammonia concentration after the 
ingestion of ammonium chloride. These results are in complete aecord with 
those of Van Coulaert! and Roger® and their co-workers, who employed larger 
amounts of ammonium salts (Table I). The data differ slightly trom those of 
Kirk? who noted a small increase of ammonia levels 30 minutes after administra- 
tion of ammonium citrate. White and eo-workers,” who used the same dose of 
ammonium ehloride that we employed, also noted a small inerease in’ blood 
ammonia in their control subjects. These authors measured the blood ammonia 


TABLE IV. Seria AMMONIA TOLERANCE TESTS IN VirAL 


BLOOD 


AMMONIA 


SERUM (26/100 
BILIRUBIN MI. ) 
PA HEPATITIS INTERVAI MG./100 FAST 15 
riENT AGI SEVERITY STAGH (DAYS MI... ING MIN. REMARKS 
D. V. 2} Moderate Acute 103 179 Varices on esophagos 
copy 
Subsiding 7 6.0 62 64 No varices on esopha- 
roscopy 
RK. 60 Severe Aeute 73 126 291 Varices on esophagos 
copy 
Subsiding 1.0 115 193 Onadrenocortieal 
hormones 
J. A. Severe Acute 131 167 ? Esophageal varices 
by x-ray 
Subsiding 1) 29 96 Clinically improved 
J. M. 20 Moderate Acute 14.2 122 196) Pregnant 
Subsiding 2] 4.9 136 72.) 15 days postpartum 
Subsided 60 1.4 S7 109) Clinically well 
J. F. sO Mild Acute 5.4 106 308 No varices by esopha 
goscopy 
Subsiding 2.4 109 Improved elinically 
Subsided 224 0.3 115 176 Clinically well 
26 Moderate Acute 100 216 No varices by esopha 
goseopy, SGOT 
1,040 units 
Subsiding 1] 2.4 100 112. SGOT* 420 units 


‘Serum: glutamic oxalacetic transaminase. 


‘) minutes after the test substance was administered. Interpolation of their 
ita suggests that had the ammonia levels been measured at 45 minutes, they 
ould have been lower than those reported. In addition, the control group in- 
euded *... patients with chronie pulmonary or cardiae disease who had normal 
er funetion tests.’? Elevated blood ammonia levels have been reported 
pulmonary emphysema*’ and congestive heart and impaired 
umonia tolerance has been observed in congestive heart failure.”” 
Analysis of both arterial and venous ammonia levels in control patients 
Vable IIL) shows that the arterial level is slightly higher than the venous 
vel in the fasting state. After ammonium chloride there is a small rise in 


e arterial level and no significant change in the arteriovenous difference. 
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These data indieate that normal subjects are able to metabolize large 
amounts of ammonia rapidly without evidence of toxicity or a significant in- 
crease in the systemie blood ammonia concentration. Even larger doses of 
ammonium chloride (4.5 to 5.1 Gm.) failed to significantly increase the venous 
ammonia concentration in 6 additional normal volunteers. 

On the basis of these control studies we have arbitrarily defined a normal 
venous ammonia tolerance test as one in which the fasting level is within normal 
limits and in which the 45 minute level remains within the normal fasting 
range. 

Ammonia Tolerance in Patients With Obstructive Jaundice. Our patients 
with obstructive jaundice characteristieally showed a normal fasting blood 
ammonia level and an insignificant rise after the administration of ammonium 
chloride. Only 1 patient exhibited impaired ammonia tolerance. This 69-yvear- 
old aleoholic, who was admitted to the hospital for recurrent jaundice 1 year 
after cholecystectomy, showed a high normal fasting blood ammonia followed 
by a small inerease after administration of ammonium ehloride. Except for 
jaundice and an enlarged liver there were no stigmata of liver disease. The 
serum albumin was 2.6 Gm. per 100 ml. Stricture of the common bile duet 
was noted at laparotomy, but liver biopsy was not done. Esophagoseopy was 
not performed. It is possible that this patient may have had cirrhosis of either 
the aleoholie or biliary type. It has not been possible to re-evaluate ammonia 
tolerance in this patient. Four additional patients with a elinieal picture of 
obstructive jaundice caused by extensive metastatic involvement of the liver 
exhibited normal ammonia tolerance. 

Previous experience with ammonia tolerance in obstruetive jaundice has, 
with few exceptions, paralleled our own. White and co-workers,® however, re- 
ported upon two patients with obstructive jaundice caused by carcinoma in 
whom both fasting and post-ammonium chloride levels were abnormally elevated. 
It is interesting to note that simultaneous hepatie venous ammonia levels were 
within normal limits in these 2 patients. These findings suggest that the 
elevated systemic levels were not due to impaired hepatie extraction but to 
some other mechanism. 

There was no correlation in our patients between the ammonia tolerance 
test and duration or severity of jaundice, the elevation of serum alkaline 
phosphatase, or the degree of Bromsulphalein retention. 

It appears plain that patients with obstructive jaundice retain the capacity 
to clear moderate quantities of ammonia from the blood. 

Ammonia Tolerance in Patients With MHepatitis—The mean ammonia 
tolerance curve in hepatitis consisted of a normal fasting level followed by a 
small inerease in blood ammonia concentration 45 minutes after the administra 
tion of ammonium ehloride. Sixteen of the 22 patients displayed norma 
ammonia tolerance. The 6 patients with abnormal ammonia tolerance wer 
studied serially and will be discussed briefly (Table TV). 

D. V. was a 21-year-old man who developed viral hepatitis of moderate severity 
Ammonia tolerance test performed on the tenth day of jaundice showed a slightly abnorma 
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response. Esophagoscopy at this time revealed small esophageal varices at the distal end 


of the esophagus. These were not visible radiographically. One week later, at a time 


when the jaundice had improved, a second ammonia tolerance test was normal. Subsequent 
esophagoscopy did not reveal esophageal varices, 
R. 60-vear-old man, was admitted with a 


history suggestive of mild viral 
hepatitis. 


Liver biopsy showed severe subacute hepatic necrosis. Ammonia tolerance was 
grossly abnormal on the eighteenth day of jaundice. 


Ksophageal varices were seen on 
esophagoscopy, 


After 10 days of adrenocortical steroid therapy, during which there was 
excellent clinieal response, ammonia tolerance was improved although still abnormal. Five 
days later the patient died suddenly of unrelated cause. 


No esophageal varices were seen 
at autopsy. 


The demonstration of esophageal varices in acute viral hepatitis confirms 
the observations of Palmer and Brick.' Other workers have found corollary 
evidence of increased portal venous pressure in aeute viral hepatitis.“* Al- 
though the abnormality in these cases may have been related to the severity 
of the hepatitis, the visualization of esophageal varices suggests an alternative 
explanation. 


J. A. a 63-vear-old man, developed viral hepatitis 2 months after an exploratory 
thoracotomy 


which disclosed metastatic bronchogenic carcinoma. His course was severe, 
wv liver biopsy showed subacute hepatic neerosis with changes of the nature which 
presage the development of postneecrotic cirrhosis.$4 An 


and 


ammonia tolerance test at the 
height of the hepatitis was minimally abnormal. Barium swallow at this time was sug- 
westive of esophageal varices. The patient declined esophagoscopy. Six weeks later after 
au long course of steroid therapy and marked clinical improvement, 


a second test was 
normal, 


Despite subacute hepatic necrosis this patient showed only minimal ammonia in- 
toleranee. Although it is reasonable to assume that such an abnormality might be at- 
tributed to severe hepatitis the radiographic suggestion of esophageal varices again 
prompted another explanation, 


Another patient, a pregnant woman, with hepatitis of average severity, showed 


oderately abnormal ammonia tolerance. Three weeks later, after premature birth of an 
ufant, and while still overtly jaundiced, ammonia tolerance was still slightly abnormal. <A 
third test was normal after the patient had recovered clinically. 


In this patient, too, the degree of ammonia intolerance is roughly propor- 
‘ional to the severity of the hepatitis. The demonstration of esophageal varices 
ni normal pregnancy"! again suggests that portasystemie shunting may have 
een responsible for the impaired ammonia tolerance. Although esophagoscopy 
‘as not performed in this patient it is interesting to speculate about the possible 
resence of esophageal varices related to the hepatitis, the pregnaney, or both. 

The other 2 patients had homologous serum jaundice which appeared to be 
‘ild clinieally and histologically although one of them (lL. R., Table IV) had a 
reatly elevated serum transaminase (SGOT). The other patient, an 80-year- 
‘d man with a hiatus hernia, had grossly abnormal ammonia tolerance. It was 
ill slightly abnormal 7 months later despite good health and completely nor- 


al liver funetion (J. F., Table IV). Although esophageal varices were not 


»served during esophagoscopy in these 2 patients, it has been emphasized that 
i© inability to visualize varices esophagoscopically does not exclude their 


resenee, sinee they have been reported to come and go without apparent 
‘ ause.*° 
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Simultaneous arterial and venous ammonia tolerance tests in +4 patients 
with hepatitis showed that in 3 patients both the arterial and venous ammonia 
levels rose about equally (Table II[). In the fourth patient an imereased 
arteriovenous uptake resulted in a normal 45 minute venous ammonia level 
despite an inereased arterial level. This phenomenon may have oceurred in 
some of the 15 patients with hepatitis who had normal ammonia tolerance by 
standards based on venous values. 

Previous workers have found normal ammonia tolerance in patients with 
hepatitis except for White and co-authors,” who reported both elevated ammonia 
levels and abnormal ammonia tolerance. Furthermore, they demonstrated that 
ammonia concentration was usually greater in the hepatie vein than in periph 
eral venous blood both before and after ammonium chloride. Although they 
studied only 3 patients in this manner, their findings suggested that the rise 
in peripheral blood ammonia may have been due to deereased extraction of 
ammonia by the liver. In one of their patients (P. A.), however, peripheral 
venous ammonia levels appeared to rise without a concomitant rise in- the 
hepatie venous ammonia coneentration. This suggests that a mechanism other 
than hepatocellular dysfunction was responsible for the abnormal ammonia 
tolerance. 

Our studies confirm their observations that abnormal ammonia tolerance 
may occur in viral hepatitis. There is little doubt that impaired ammonia 
tolerance may be eaused by severe parenchymal damage in hepatitis. Our 
findings indicate, however, that esophageal varices do exist in acute viral 
hepatitis and that such portasystemie shunts may offer another explanation for 
increased systemie blood ammonia concentrations. Furthermore, it is important 
to note that normal ammonia tolerance may exist despite severe hepatocellular 
impairment as measured by the usual tests of liver function. 


Ammonia Tolerance in Hepatic Fibrosis and/or Fatty Infiltration.— The 
normal pattern obtained in the patients with portal fibrosis and/or fatty in 
filtration of the liver confirm the findings of Stahl and collaborators. Each 
of these patients had hepatomegaly, and a few had spider angiomata or 
splenomegaly. Although Bromsulphalein retention was elevated in almost al! 
of them, and increased serum bilirubin levels were present in half, none ex 
hibited evidence of severe hepatie insufficiency or portasystemie collateral! 
circulation. Esophageal varices were not visualized in the 4 patients examined 
by esophagoscopy. 

Tolerance in Cirrhosis.—Abnormal ammonia tolerance tests wer 
observed in 50 of the 60 cirrhotic patients. These tests were characterized by a 
fasting venous ammenia level in the high normal range, a laree rise at 4 
minutes, and a partial return to normal at 2 hours. Although the mean fasting 
blood ammonia level for the whole group fell within the normal range, it was 
elevated in more than one third of the individual patients. 

The simultaneous measurement of arterial and venous ammonia coneentra 
tions after administration of ammonium ehloride disclosed that usually th 
arterial ammonia levels were enormously raised and that, despite large an 
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variable arteriovenous ammonia differences, the peripheral venous levels were 
abnormally elevated. Occasionally, however, a large ammonia uptake by the 
peripheral tissues resulted in normal 45 minute venous ammonia values which 
could be misinterpreted as normal ammonia tolerance. The factors which 
determine the magnitude of the arteriovenous difference are not apparent. 
Analysis of liver function revealed that there was no significant correlation 
hetween the ammonia tolerance test and the serum bilirubin, Bromsulphalein 
retention, thymol turbidity, cephalin flocculation, or alkaline phosphatase de- 
terminations. This poor correlation suggested that the ammonia tolerance test 
is Not a sensitive measure of hepatic parenchymal function per se. There was, 
however, a significant correlation between the degree of ammonia tolerance and 
the serum albumin concentration (coefficient of correlation minus 0.386; 
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<. 3.—Serum albumin concentration and ammonia tolerance in cirrhosis. The coefficient of 
correlation is —0.386; p < 0.01. 

< 0.01). (Fig. 3.) There was no such relationship with the total serum 
otein or globulin levels. This correlation did not hold for the other types of 
er disease studied. Although the serum albumin concentration is generally 
warded as a test of liver function, it appears to serve also as a rough index of 
« general state of health and nutrition of the patient. The degree of hypo- 
buminemia may thus reflect the severity or chronicity of the cirrhotic process 
d conceivably may parallel the degree of development of the portal collateral 
rculation. There is no evidence in the literature to suggest that blood am- 
onia concentrations are direetly related to serum albumin levels. 
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The degree of ammonia intolerance also correlated with certain physical 
findings which are characteristic of cirrhosis (Fig. 4). A highly significant 
correlation was observed between abnormal ammonia tolerance and the presence 
of visible abdominal collateral veins (p < 0.001). Indeed, the 4 patients with 
the Cruveilhier-Baumgarten syndrome exhibited some of the most abnormal tests 
in the whole group. Less significant correlations were observed with spleno- 
megaly (p < 0.01), aseites (p < 0.05), and spider angiomata (p < 0.05). 
Each of these physical findings is usually associated with portal hypertension. 


300- 


AMMONIA 
TOLERANCE 
TEST 


SS 


MEAN 45 min. NH, 
ALL CIRRHOTIC PATIENTS 


N 


SK 


SS 


SS 


777A OF PATIENTS 
WITH THE 
PHYSICAL FINDING 


NO. OF PATIENTS 
WITHOUT THE 
PHYSICAL FINDING 


SYNOROME 


\\ 


SS 


> 


Now 
N 


WE 


MAY 


IW 


> 


JAUNDICE OER ASCITES SPLENOMEGALY ABDOMINAL ESOPHAGEAL ESOPHAGEAL 


ANGIOMATA VENOUS VARICES VARICES 
COLLATERALS Y BY 
XRAY ESOPHAGOSCOPY 
Fig. 4.—Correlation of certain clinical findings and ammonia tolerance in cirrhosis. Th: 
height of the bars represents the mean 45 minute blood ammonia concentration. The number 
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It has been noted by some that esophageal varices are more frequently associated 
with spider angiomata than with any other physical sign.°* Our data did not 
confirm this finding. 


There was no significant relationship between abnormal ammonia tolerance 
and the presence of esophageal varices as demonstrated by radiography o 
esophagoscopy. Although ammonia tolerance was much more abnormal in tli 
patients with esophagoscopieally proved varices (Fig. 4), these data are no 
statistically significant in view of the small number of patients withou 
esophageal varices. 

There was no correlation between ammonia toleranee and the degree < 
hepatomegaly, the severity of jaundice or the presence of edema in these patient 
These findings suggest that abnormal ammonia tolerance is not caused by hepat 
parenchymal dysfunction, per se, but, that it is related to the degree of d 
velopment of portal hypertension and collateral cireulation as reflected by su 
findings as abdominal collateral veins, splenomegaly, and spider angiomata. 
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The 10 cirrhotie patients with normal ammonia tolerance fall into 2 well- 
defined groups. The first consisted of 6 patients in whom the diagnosis of 
cirrhosis was not evident ¢linically, but in whom liver biopsy showed a mild 
cirrhosis without evidenee of degeneration or inflammation. None of the 6 were 
jaundiced. Only 1 exhibited spider angiomata. All had hepatomegaly but 
none had splenomegaly, ascites, or abdominal collateral veins. One was thought 
to have esophageal varices by radiologic examination and 1 by esophagoscopy. 
Serum bilirubin levels were normal in 5 and minimally elevated in the sixth. 
Bromsulphalein retention was normal in 4, borderline in 1, and_ severely 
abnormal only in 1 patient with eardiae decompensation. Serum albumin was 
above 3 Gm. per 100 ml. in 4 of them, Ammonia tolerance tests repeated 1 year 
later in + of these patients remained normal in 3, and was minimally abnormal 
in the fourth (Table IIT, Patients 27, 42, 47, and 50). This group of patients 
appears similar to that reported by White and collaborators® in whom cirrhosis 
without demonstrable collateral channels was present and in whom normal am- 
monia tolerance was found. 

The second group consisted of 4 alcoholic patients with frank clinical and 
laboratory evidence of cirrhosis. Liver function studies were grossly abnormal. 
Esophageal varices were demonstrated in the 3 patients examined by esophagos- 
copy. Liver biopsies in eaeh of these patients showed advanced active Laen- 
nee’s cirrhosis. Although each of these 4 patients had normal ammonia tolerance 
on the basis of a normal 45 minute venous ammonia level, 3 of them showed a 
rise of more than 35 pe per 100 ml. above the fasting level. The most probable 
explanation for these normal tests is illustrated by one of our patients (Table 
Ill, Patient 62) in whom a subsequent arterial-venous ammonia toleranee test 
showed abnormal ammonia tolerance by arterial standards but normal tolerance 
based on venous ammonia levels. Stahl and co-workers*’ have recently es- 


tablished that false normal ammonia tolerance may result from enhanced ex- 
iraction of ammonia by peripheral tissues as evidenced by an increased arterio- 
venous difference. These studies stress the greater validity of arterial ammonia 
evels in the performance of ammonia tolerance tests. 
Ammonia Tolerance in Portasystemic Anastomoses.—Grossly abnormal am- 

ionia tolerance tests oceurred in all 18 patients with cirrhosis with portacaval 
or splenorenal anastomoses. The 45 minute blood ammonia level in 15 far sur- 
assed the mean for the cirrhotic patients. These 2 groups were similar by 
inieal and laboratory criteria, although the mean Bromsulphalein retention 
as less abnormal in the “shunt” e¢roup than in the cirrhotie patients. These 
idings emphasize the role of shunting in the ammonia tolerance test. In 
ldition they confirm the report of Eiseman and associates’? that ammonia 
tolerance increases after portasystemic shunts are surgically constructed. 

One of the major points of controversy about ammonia toleranee has been 
e question of whether decreased ammonia tolerance is due to impaired 
patocellular function or to portasystemic shunting.’ ? 4° What is the rela- 
¢ importance of these 2 factors? 

It is well established that patients with portasystemie anastomoses, but 
ithout apparent liver damage, may exhibit impaired ammonia tolerance® 


« 
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and may sometimes show the clinical picture of portal encephalopathy. These 
situations have been duplieated in experimental animals.4-* 

On the other hand, there is no question that the capacity of the liver to 
perform its normal functions, including regulation of ammonia ievels, may be 
lost by complete hepatie destruction such as might oecur in overwhelming 
hepatie necrosis in humans, or in total hepatectomy in animals.** It follows that 
there exists a degree of hepatie damage which destroys only the reserve capacity 
of ammonia extraction but whieh permits “normal” extraetion until faced with 
a sudden large ammonia load as oeeurs in an ammonia tolerance test. The 
amount of damage required to exhaust this reserve capacity is unknown. 
Ifepatie perfusion techniques have shown that ammonia extraction remains 
normal despite severe parenchymal neerosis.‘7 On the basis of experiments in 
dogs, which are probably not directly applieable, in excess of 75 to 80 per cent 
of the liver may be removed without impairing ammonia tolerance or urea 
synthesis.’ ** In man, most investigators have shown that ammonia tolerance 
is not impaired in viral hepatitis. Furthermore, data have been presented to 
show that in severe cirrhosis the liver retains its eapacity to extract large 
amounts of ammonia from the portal blood®*° and even in the presence of 
abnormal ammonia tolerance these patients may synthesize urea normally.® ° 

The maximal dose of oral ammonium salts which ean be tolerated in the 
normal human without elevating venous ammonia concentrations is unknown. 
We have noted no significant rise after 3 to 5 Gm. of ammonium ehloride and 
Zimmerman’? has observed similar results with 6 Gm. Normally the portal 
venous ammonia concentration in humans is 2 to 4 times the peripheral levels'’ 
and may rise to tremendous levels after oral administration of ammonium salts.* 
It must be assumed that the portal vein ammonia levels may sometimes exceed 
the maximal hepatie clearing capacity, even in normal subjects. If one assumes 
that the liver extracts a constant percentage of the ammonia presented to it, as 
appears to be true in dogs,'* °° then hepatie venous ammonia levels may rise 
to abnormal heights in spite of continued “normal” clearanee. If, in’ the 
presence of hepatitis or cirrhosis, a dose of ammonium chloride were employed 
which approached the maximal capacity in normal subjeets, then inereased 
amounts of ammonia would escape extraction by the liver. Our studies suggest 
that the dose of ammonium chloride whieh we employ allows a sizable reserve 
margin in normal subjects. This tends to minimize the effeet of parenchymal 
damage and, consequently, to exaggerate the shunting factor in patients with 
hepatie disorders. 

Our studies indirectly confirm earlier reports that ammonia tolerance serves 
primarily as a guide to the amount of collateral flow between the portal and 
the systemie circulation. Although some impairment of ammonia toleranee ma) 
occur in patients with severe hepatie parenchymal damage, the volume of porta 
collateral shunting appears to be a much more important factor. The test, as 


employed here, is quite simple and safe, and when used as a sereening test ea! 
be reduced to a single blood ammonia determination after the administration 0 


the ammonium salt. The use of arterial ammonia levels enhances the aceurae: 
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of this determination. This test, or modifications of it, may prove to be of elini- 
eal value as a “medical” means of estimating the portal collateral flow. Further 
studies are required to evaluate more fully the specificity and sensitivity of this 
test and to delineate further ammonia clearance in the liver and in the 
peripheral tissues. 


SUMMARY 


Normal ammonia tolerance was observed in patients with obstructive 
jaundice, fibrosis and/or fatty infiltration of the liver and in most patients with 
acute hepatitis. In several of the patients with hepatitis in whom abnormal 
ammonia tolerance was found, esophageal varices, which may have accounted 


for the impaired ammonia tolerance, were demonstrated. Ammonia tolerance 
was abnormal in 83 per cent of 60 patients with cirrhosis. Impaired ammonia 
toleranee in cirrhosis appeared to be related more closely to the degree of de- 
velopment of portal collateral cireulation than to hepatie functional damage. 
In patients with portaeaval shunts ammonia tolerance was much more abnormal 
than in the cirrhotie group, despite less severely deranged liver function. 

Abnormal ammonia tolerance appears to be primarily a gross index of the 
amount of portasystemie anastomoses. Severe hepatie parenchymal damage 
may also impair ammonia clearance, although to a lesser degree. 

Simultaneous measurements of arterial and venous ammonia levels disclosed 
that although ammonia tolerance tests performed on venous blood are usually 
valid, inereased arteriovenous uptake of ammonia may oceasionally result in 
alse negative tests. Arterial ammonia levels are consequently of greater diag- 
nostie value. 


The ammonia tolerance test is a simple, safe, and reliable screening test 
for the estimation of the presence of portasystemie collateral circulation. 


[ wish to thank Drs. Gerald Klatskin and David Seligson for their valuable sug- 
estions and thoughtful criticism, and 


Dr, Colin White for performing the statistical 
nalyses. 
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THE SODIUM EXCRETION DEFECT IN HEPATIC CIRRITOSIS 
AS STUDIED BY THE USE OF A STEROIDAL LACTONE 
SAMUEL HetuMAn, M.D..* anp W. Fatoon, M.D. 
Syracuse, N. Y. 


HE failure of patients with hepatic cirrhosis and aseites to exerete sodium 
normally has been repeatedly demonstrated.’ Sodium retention in such 
patients, furthermore, oceurs regardless of whether the administered load. is 
given orally or intravenously, as isotonic or hypertonie solution.” * Renal fune- 


tion studies indicate that sueh sodium retention is most frequently due to avid 
tubular reabsorption rather than to decreased glomerular filtration.© High 
urinary exeretion of aldosterone has been found to be associated with ascites 
and edema formation in such individuals.® 7 


Recently a group of steroidal lactone compounds, 3-(3-0xo0-17, B-hydroxy-4- 
androsten-17-a-yl) proprionie acid lactone (SC5233) and its 19 nor-analogue 
(SCS8109) have been reported to block the effects of aldosterone upon urinary 
sodium and potassium exeretion in both animals and man.® ® 

If the failure of the patient with cirrhosis and ascites to excrete an acute 
saline load is due to excessive circulating aldosterone and if the steroidal lactone 
compounds are competitive inhibitors of aldosterone, the administration of 
these compounds to cirrhotic patients with ascites should revert their excretion 
of sodium in response to hypertonic saline to a more normal pattern. The 
investigation of this hypothesis is presented in this report. 


MATERIALS AND METHODS 


Five studies in 4 patients with cirrhosis of the liver and ascites were carried out, All 
were given a diet which contained approximately 9 mEq. of sodium, and daily 24 hour urine 
specimens were collected. After 2 or more days on this regimen, 2.5 ¢.c. of 5 per cent saline 
per kilogram of estimated dry body weight was administered by venoclysis over a 1 hour 
period, All patients had fasted for 9 hours and received no water during the infusion and 
for 3 hours thereafter. Fluid intake was maintained constant at 2,000 ml. per day for 
patients E. F. and B. C. but was taken ad libitum by the others. Urine collections and serum 
samples were taken before and after the infusion, urine being collected for 1 hour before 
the infusion and at 1, 4, and 23 hours after the infusion was begun. Beginning on the day 
after the initial infusion 250 mg. of SCS8109+ was administered orally every 6 hours for 4 


days. On the fourth day the infusion was repeated and similar samples were again collected. 
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Urine collections were then continued for 3 days after SCS109 was withdrawn. One patient 
received SCS8109 orally in the usual dose and, in addition, was given 250 mg. per day in 
sesame oil intramuscularly. 


The sodium and potassium analyses were done by flame photometry using an internal 
standard. 


RESULTS 
The results of this study have been grouped into 2 categories: the aeute 
responses to the hypertonic saline load, and the more chronic, daily changes 
caused by SCS109 administration. The compilation of the data is shown in 


Table I. 


Acute Responses——Intusion of hypertonie saline in these cirrhotic patients 
during the control periods revealed the expeeted poor natriuretic response 
(Table 1). Three patients (4 studies) exereted 7.3 per cent or less of the 
infused sodium during the succeeding 24 hour period and 1 patient exereted 


17 per cent of the load. The urine potassium changes for the 24 hour period 


after infusion are considered less reliable beeause the dietary intake was not 
controlled. The results obtained during the 4 hour fasting period after the 
infusion provide valid data, however, and potassium exeretion during this 
period was varied. The amount exereted per hour fell after infusion in 3 


studies, was unchanged in 1 and rose in 1 study. Potassium concentration was 
likewise variable but sharp inereases were noted during the 4 hours after in- 
fusion in 3 studies while no change and a deerease in concentration occurred, 


respectively, in each of the others. 
The administration of SCS109 resulted in a marked inerease in’ sodium 
exeretion in all patients both during and after the infusion (Table I, Fig. 1). 


This was accomplished by an inerease in urine volume at the 1 and 4 hour 
collections in all except 1 period. 


The use of a larger dose of SCS1O9 in 1 
patient (B. C.) resulted in no inerease in net sodium exeretion but decreased 
potassium excretion occurred which accounted for a sharp increase in Na: 
ratio. The changes in potassium were neither as consistent nor as marked as 
he sodium changes. In 4 of the 5 studies the administration of SCS109_ re- 
sulted in an inerease in total potassium exeretion during the 4 hours after the 
vpertonie saline infusion as compared to the previous experiments. the 
ourth patient there was a decrease in urinary potassium. Despite this the 
onecentration of urinary potassium was generally lower during and immediately 
‘ter the seeond infusion in all patients. Although some of the decrease in 
meentration could be accounted for by increases in urine volume, the change 
1 coneentration exceeded the volume change in the 4+ studies in which the 
ecrease was exhibited. Urinary exeretion of potassium was less in patient B.C. 
hen he was receiving the larger dose of SCS109, 

The serum potassium concentrations showed no typical pattern of change 
ut were generally higher during the infusion after drug administration (Table 

Conversely, the serum sodium was generally lower during this latter 
‘fusion. The rise in serum sodium following the hypertonic saline was not 
‘tered by the drug. 
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HOURS 


Total 


Total 


*SC8109, 


Na 
mEq. / 
L. 


mEq./ 


3,000 
45 


62 


195 
695 
997 
2,900 
2,265 
2.400 
92 


100 


270 
1,800 
2,262 
3,290 
3,160 
2,900 


155 
1,040 
1,290 
1,620 
1,440 


1,870 
2,050 
2,280 


TABLE I. 


t 


Total 
Ix 


mEq. 


0.06 
O.85 
1.24 
1.58 
0.72 
OSL 


1.18 
2.09 
1.70 
0.52 
0.02 


7SC8109 orally and intramuscularly. 


tIncomplete. 
§Hemolyzed. 


Na 


mEq./ 


SERUM 


O.04 


Vol. Na q./ U:P 
DAYS mEq. QR Na:k L. L. Na 
= BF. 
3 17.4 188 522 564 0.93 
0 37.6 65.5 1.7 2.9 0.58 137 3.7 0.28 
aa l 78.6 75.2 = 4.9 4.6 1.06 138 3.8 0.57 
a » 141 4.0 
1 163.0 58.5 31.7 114 2.78 142 4.2 1.15 
23 63.3 37.0 43.9 25.7 1.71 
Total 82.8 44.6 1.86 
5* 41.5 10.5 120.0 30.4 3.94 
6 63.9 10.7 144.0 24.2 5.95 
64.7 8.9 155.0 21.4 7.24 133 4.1 
0 169.0 19.5 15.5 LS 8.65 133 4.3 1.27 
211.0 23.1 21.1 23 9.13 137 4.6 1.52 
2 138 4.5 
243.0 28.7 65.6 7.7 8.47 133 4.0 1.83 
23 111 133.0 19.9 6.68 
235.2 31.7 7.41 
9 55.5 10.9 183.0 35.9 5.09 
10 25.6 15.9 80.9 50.2 1.61 
1) 14.3 19.7 41.5 57.1 0.73 
B.©. 
2 2.2 241 1,420 3.1 34.2 0.09 
o 3 0.8 20.8 1,930 1.4 40.1 0.03 137 39 
4 0 10 37.8 93 0.1 3.5 0.08 138 
l 0 0 0 0 0 140 1.3 — 
2 141 1.2 
5.0 134.5 103 0.5 0.04 141 4.2 
23 39 545 660 26 0.07 
5* 33.2 39.0 1,940 64.4 74.7 
6" 43.8 35.3 1,920 84.1 
7 46.3 29.4 1,950 90.3 A 
0 74.1 102.5 7 0.5 7 133 1.5 0.56 
85.4 105.8 92 7.9 9.7 138 4.8 0.62 
2 139 4.2 
1 120.0 102.0 18.6 15.8 129 4.6 0.93 
23 91.9 44.0 95.6 45.8 ' 
Total 122.5 72.0 
9 21.0 34.0 64.8 132 3.9 
la 10 0.8 44.3 12 63.8 
11 
B.C. (2) 
l 3.6 37.0 1,270 47.0 0.10 
ioe. 2 0.7 22.6 1,320 29.8 0.03 
3 21 415 1,400 58.1 0.05 
a 4 0 18 68.3 55 3.8 0.03 137 4.2 0.013 
=. l 0.5 49.0 31 15 140 3.9 0.003 
9 
en, 2 142 4.0 
. =. 4 3.4 122.0 39 4.8 0.02 137 4.1 0.025 
ae 23 92 49.3 760 37.5 0.19 
885 2 47.6 0.15 
St 55.6 17.6 32.9 381.69 
6t 57.0 24.4 117.0 50.0 1.14 
eae 7t 63.1 32.3 144.0 73.6 0.85 
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43. 930 
0 $4.1 1.010 
0 17.9 
1.6 70.3 


TABLE | 


CONT'D 


TIME URINE 

Na Ix Total Total 

mEq./ mEq./_ Vol. Na Kx 
DAYS HOURS L. C.e, mEq. mEq. 
St 0 74.8 31.7 121 
1 126.0 13.8 52 6.6 a 

» 

4 158.0 1.3 3321.0 5.5 

23 108.0 24.8 1,250 135.0 31.0 

Total 1556 171.7 42.6 

62.3 1.560 4.2 97.2 
10 23 28.8 1.780 3.9 51.: 

¥ 1,440 i 


0 $4.5 
0 4.0 
0.07 


97 0.4 7.9 
14.6 68.5 750 10.9 51.4 
961 11.4 66.2 

52.0 50.0 1,100 57.2 95.0 
63.1 33.1 1,340 S4.6 44.4 
64.3 29.7 1S10 116.4 53.8 
113.0 $1.9 59 6.7 2.5 
146.0 39.3 6 12.6 3.4 


174.0 9.4 230 40.0 11.4 
110.0 1070 118.0 
1,445 177.3 759.9 

68.7 32.3 S10} 56.6 42. 
35.1 73.0 SSO 30.9 64.2 
24.4 D8.0 1,000 24.4 58.0 


0.1 1.3 6S 0.07 0.09 
15.0 5.2 795 11.9 4.1 
972 15.5 6.9 
68.9 13.7 1.860 128.2 
41.0 9.0 1,415 57.6 12.7 
23.1 8.1 1,075 24.8 8.7 
9.9 2.6 SO O.44 0.2 

2.1 1.8 34 0.07 0.06 


3.4 4.0 64 0.22 0.26 
34.0 8.6 1,660 14.3 
1,838 57.1 14.8 
21.8 9.2 1,275 27.8 
16.9 12.1 1,360 23.0 16.5 
21.1 1,780 12.8 36.6 


rkedly during and 


OO WO CI 
wh — 


2.90 
2.24 
5.05 
4.54 
2.85 


2.20 


O.S85 
3.94 
3.86 


1.39 
0.35 


Na 


L. 

135 
139 
142 
139 
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mEq. 


Cie 


This was true in all eases although the values we 


SERUM 
K 

/  mEq./ | U:P 
L. Na 


4.0 0.553 
D.1 0.906 
4.9 

5.0 1.135 


4.3 

4.0 0 

4./ 0.012 
4. 

42 0.030 


0.262 
0.002 


0.0008 


0.041 
§ 0.016 


The ratio of sodium concentration in the urine to that in the plasma (U:P) 
after the infusion given during administration 


re quantitatively 


875 
Na:k 
2.39 
2.87 
3.92 
4.56 
1.03 
0.56 
0.08 
0.02 
A, Z. 
2 0 10.8 0 
3 0 135 
4 0 0 134 
1 0.02 139 
2 138 
139 
0.21 
0.17 
1.04 
1.91 
2.16 
268 0.86 
3.71 | 1.09 
‘ 1.29 
11 
M. 
l 32.8 37.4 1,724 56.5 64.5 0.88 
2 17.6 16.5 S40) 14.8 13.9 1.06 
6.1 8.9 TOO 4.3 6.2 0.69 
‘ 4 0 34.8 26.5 102 3.5 2.7 1.30 133 S| 
1 0.3 0.2 ¥ 0.00 0.00 - 133 
2 131 
4 
23 
Total 
6* 
8* 0 133 
l 132 
2 133 32 
4 132 3.3 0.026 / 
| 
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From other studies of the chronie administration of SC8109 and of a similar 
lactone (SC9420) the maximum effeet upon sodium exeretion has been found 
to occur on the third day and to level off thereafter in most patients. Likewise, 
a deerease in potassium intake has been observed to reduce the natriuresis."” 
Such would be true on the day of infusion when the patient fasted in the 


URINE 12 (SC 81091 gm PO.) 601 
K 4 ] 404 
mEq. 204 
120] 
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mEq. 16 
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6 20. 
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Fig. 1.—Changes in urinary excretion before and after saline infusion resulting from 
SC8109 administration; 6 hour refers to the urine collected for the hour immediately before 
infusion. 


forenoon. With this information it was, therefore, deemed reasonable to deter- 
mine the net increase in sodium exeretion on the day of the infusion by sub- 
tracting the sodium exeretion of the prior day from that of infusion days. 
From this could be ealeulated the per cent of the sodium load which was 
excreted during the control period and again after SC8109 administration. 
Comparison of the data for both infusions indicates a marked increase in net 
exeretion in all patients after SC8109 (Table IT). 


Chronic Changes.—The urinary exeretion of sodium increased markedly 
in all patients during the 4 day course of SC8109 (Table I, Fig. 2). The 
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maximal increase varied widely but ranged from 80 to 160 mEq. of sodium 
per day. An inerease in sodium diuresis was observed with an increased dose 
of SC8109 in the 1 patient so studied (Fig. 3). In all studies urinary sodium 
fell to control levels within 48 hours after withdrawal of the drug. Potassium 
exeretion was little affected by the drug, although in 2 patients (A. Z. and E. F.) 


URINE 
VOLUME 


DAYS 


Sc- 8109 
tgm./DAY P.O 


le — | 


Fig. 2.—Daily urinary excretion changes during study. (ine. = Incomplete collection. ) 


there seemed to be some decrease during drug administration. This change 
is small and cannot be interpreted in a study of this size. Daily urine volume 
was not markedly affeeted by the SC8109 but only B. C. and E. F. had constant 
‘uid intakes during the course of this investigation. 

The urinary sodium: potassium ratio rose sharply in all cases during the 
period of drug administration (Fig. 4). This change, while striking, was 
qualitatively different in all patients and did not seem to be signifieantly 
affected by the hypertonic saline infusion. 


AZ. 
K 40 
mE q. 20 
CON 
160 
140 
URINE 
Na 120 
mEq. 100 
80 
60 
40 
20 
5 
| 23 45 6 7 8 9 WW 


HELLMAN AND FALOON J}. Lab Med 
une, 1960 

DISCUSSION 
In the normal individual it has been demonstrated that after an infusion 
of hypertonie saline a rapid diuresis ensues which is maximal in about 1 hour?! 
The glomerular filtration rate in such individuals rises coincident with diuresis 
but returns to normal before the diuresis has subsided. In patients with cirrhosis 
and ascites, however, hypertonic saline infusion has been found by Goodyver 
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Fig. 3.—Daily urinary excretion changes during 2 studies in B. C. Note increase 


in changes 
with larger dose. 


and co-workers* to produce a lesser increase in urine flow than in normal 
individuals and much less natriuresis. Thus, the patients with ascites exereted 
only 0.2 to 10 per cent of the sodium load while normal subjeets and_ those 
without ascites excreted 12 to 54 per cent during the 6 to 8 hour test period 
In our studies similar failure to exerete sodium was observed but after ad 
ministration of the steroidal lactone all were able to exerete quantities 0! 
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sodium (20 to 45 per cent of infused load) whieh were in the normal ‘ange. 
In the report cited, furthermore, ability to concentrate sodium was likewise 
deereased in the patients with cirrhosis, none of whom exhibited urine :plasma 
ratios which exceeded unity, whereas this was achieved by all control subjects 
after infusion. 


Potassium exeretion during the hypertonic saline infusion, 
however, was not markedly different in cirrhotic patients as compared to control 


subjects. An inerease occurred coincidental with the natriuresis but was not 
consistently related to it. 
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Fig. 4.—Changes in urine Na:K ratio during SC-8109 administration. 


The response to hypertonic saline in our patients with ascites before ad- 
iinistration of the spirolactone compound was similar to that observed in other 
studies and revealed a marked defect in sodium exeretion. The response to 
the saline load after administration of SC8109, however, was quite different. 
At this time they were able to excrete significantly more sodium and more 
water but had little change in potassium exeretion, Ability to concentrate 
sodium was enhaneed as shown by the marked inerease in urine :plasma sodium 
ratio. In some patients this exceeded unity after the second infusion thus 


6 
URINE 
No/K 
RATIO 
4 
O 
| 2 3 4 


SSO) HELLMAN AND FALOON J. Lab 
resembling the response seen in the normal control subjects. In order to ex- 
plain these results we must assume that the final effeet of the drug is a change 
in tubular funetion. If there was only an inerease in glomerular filtration 
oeeurring, the urine coneentration of sodium following each infusion should 
be similar and any inereased sodium excretion should be due to an inerease 
in total urine volume. The marked inerease in urine sodium concentration and 
the decrease in urine potassium concentration, both in excess of the urine volume 
alteration, indieate that the predominant effect of SCS1O09 was altered tubular 
reabsorption. These findings are in accord with those of Wiggins and associates" 
who found no change in glomerular filtration when SCS1O9 was given to norma! 
individuals who were reeeiving low sodium diets. 


TABLE Il. Errectr or SCS109 Upon Nev Soptum Excretion APTER SALINE Loap 


URINE NA (MEQ./pAyY) EXCRETION 

BEFORE INFUSION NA | OF NA LOAD 

PATIENT INFUSION DAY DIFFERENCE INFUSED IN 24 HOURS 
E. F. control 52.2 82.8 30.6 177.5 17.3 
after SCS109 155.0 235.2 80.2 15.3 
B.C. (1) eontrol 1.4 3.2 1.8 129.3 1.4 
after SCS109 90.3 122.5 S22 129.3 24.9 
B.C. (2) control 2.9 7.2 4.3 129.3 aun 
after SCSLO9 144.0 171.7 27.7 129.3 21.4 
A. Z. control 0.0 11.4 11.4 156.8 i.3 
after SCS109 116.4 v7.3 60.9 156.8 38.7 
L. M. control 4.3 15:5 13.2 156.8 a3 
after SCS1O9 24.8 37.2 32.4 156.8 20.7 


As noted previously, potassium exeretion usually increases during hyper- 
tonie saline infusion.* '* This is associated with an increased coneentration of 
potassium in the urine. In 4 of 5 studies, however, the administration of 
SCS8109 resulted in a lesser rise in urinary potassium coneentration during 
saline infusion than was observed with the pretherapy infusion. This observa- 
tion plus the remarkable rise in urinary Na:K ratio is compatible with the 
hypothesis that SC8109 is an antagonist of aldosterone. 

The changes observed were qualitatively similar in all patients although 
quantitatively different as demonstrated by the variation in urinary sodium :po- 
tassium ratios. All patients had a signifieant sodium diuresis with little change 
in potassium exeretion during the 4 days of administration of SCS8109. 

In view of the individual variation in response these quantitative differences 
might be due to variation in levels of cireulating aldosterone from patient to 
patient. Thus, if more of the drug were given to a patient the magnitude 
of urinary sodium and potassium change should inerease. This was attempted 
in 1 patient (B. C.) with resultant increased chronie sodium diuresis and 
some decrease in potassium exeretion. The acute response during the hyper- 
tonie saline infusion, however, was not greater in respect to sodium diuresis, 
although potassium exeretion was less; thus, a greater increase in Na:K ratio 
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oeeurred, Obviously, no clear-cut conclusions as to the effeet of larger doses 
of SCSLOO are possible from this single experiment. 

The relative importance of aldosterone as opposed to other factors which 
affeet renal function in the failure of the cirrhotie patient to excrete hypertonic 
saline cannot be elucidated from these studies. It appears, however, that re- 
dueing the effeet of aldosterone upon the renal tubule produees a normal sodium 
exeretory response in such patients. 


SUMMARY 


The effeet of SCSIO9, a steroidal lactone reported to be an aldosterone 
antagonist, on the natriuretic ability of patients with cirrhosis and aseites has 
heen studied by the use of hypertonic saline infusions. 

Administration of this compound in 5 studies in 4 patients resulted ina 
marked natriuresis and a less marked water diuresis both during and after 
the infusion. Urinary potassium concentration was usually deereased during 
the 4 hours following infusion after administration of the lactone. The 
urine :plasma sodium ratio during the infusion increased markedly as did the 
urine ratio, 

The daily urinary sodium exeretion increased markedly during drug ad- 
ministration but neither daily potassium exeretion nor urine volume were 
affected consistently, 

The failure of patients with cirrhosis and ascites to excrete a sodium load 
has been confirmed. The administration of SCSIO9 eaused a reversal of this 
response toward normal. The data are consistent with the hypothesis that 
the difficulty in sodium exeretion in such patients may be related to the presence 
of aldosterone in high concentrations and that the natriuretie effect of this 
steroidal lactone may be due to inhibition of the effect of aldosterone at the 
renal tubule. 


We are grateful to Mrs. Patricia Woods, Miss Susan Hibbs, and Mrs. Suzanne Samolis 
technical assistance. 
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AN EVALUATION OF TITLE URINE HYDROLYSIS TEST FOR 
PRIMITIVE WHITE BLOOD CELL DIFFERENTIATION 
EDWARD GARDNER, Jr. Pu.D., CLAupE-STaRR Wricutr, M.D... 
Berrie Z B.S. 

Avuausta, GA. 


ee identification of primitive leukemie white blood cells in periph- 
eral blood and bone marrow is necessary before the most effective 
therapy can be instituted. Even after using a variety of technical aids it is 
often difficult to classify the eell type. Any new method which proposes to 
facilitate the study and identification of early cell types can be expected to be 
of interest. Such it is with the technique of treating blood films with urine 
to produce a differentiation of myeloeytie cells trom other leukocytes. 

Urine hydrolysis was first proposed by Brachet' and has been explored 
more recently by others.7*° The test involves the exposure of bone marrow 
or peripheral blood films, previously fixed in methyl alcohol, to the aetion of 
as yet unidentified substanees (probably enzymes) in urine. Nuclei of myelo- 
eytie cells are ‘*lysed’’ while lymphoeytie and monocytie nuclei remain relatively 
intact. Such cells appear after staining as though the nuclear material has 
heen completely removed leaving only vestigial chromatin (Fig. 1). The use- 
fulness of this technique as an aid in the identification of primitive white 
blood cells depends largely on the consistency of the reaction to all the cells of 
the myeloeytie series. One study relating the age of the granuloeyte and its 
susceptibility to hydrolysis by urine was made by Perkowska.* The purpose 
of the eurrent study was to establish standardized conditions for carrying out 
the test in preparation for the more detailed observations on application of the 
‘est to the cells of the granuloeytie series in various stages in their development. 


MATERIALS AND METHODS 


Urine samples were obtained from normal individuals and patients with a variety of 
liseases. An attempt was made to use first morning specimens when possible. 

Enzymes and Substrates.—Desoxyribonucleie acid, ribonucleic 
ponding enzymes were obtained commercially.’ 

Phosphate buffer, pIf 7.4, was made from 0.01M Na, HPO,, 0.1M NaH,PO,. 

Buffered saline was made from 0.85 per cent NaCl in phosphate buffer, pH 7.4. 


acid, and the eorre- 


Enzymes used were: desoxyribonuclease (I)NAse), 5 mg. (+ 0.2 mg.) in 25 ml. phosphate 
iline to final concentration 0.2 mg. per milliliter; and ribonuclease (RNAse), 5 mg. 
* 0.2 mg.) in 25 ml. phosphate saline to concentration of 0.2 mg. per milliliter. 


From, the Division of Hematology, Department of Medicine, Medical College of Georgia, 
ugusta, Ga. 


_ Supported in part by Grants H-2669 (C-3) and E-1559 (C-2) from the 
istitute of the National Institutes of Health. 
Received for publication Sept. 21, 1959. 
*Sigma Chemical Company and Nutritional Biochemical Corporation 
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Blood Films.—Bone marrow and peripheral blood films are made in similar manner on 

glass slides. Films are allowed to air-dry thoroughly and are then methanol fixed for 15 
minutes, and are air-dried again before use. 

Urine.—The pil is determined on the unaltered specimen. Changes in pIl are made by 

the addition of a weak solution of sodium hydroxide or hydrochloric acid, Tests have been 


run at pt 5.6, 7, and 7.4. 


Hot Water Incubator.—Urine and enzyme solutions are allowed to come to 60° C, 


(+ 2°) before the films are immersed in the solutions. 


Fig. 1.—Single segmented neutrophil treated with normal urine showing complete lysis of 
nucleus. 


PROCEDURE 


Prepared urine or enzyme solutions in Coplin jars are placed in the 60° C. water bath. 
(+ 2°). Prepared films, properly 


The temperature of the solutions is allowed to rise to 60° C, 
marked, are placed in the preheated solutions for complete coverage of blood film. Films 
remain for designated periods of time (usually 10 or 15, 20 or 30, 45, or 60 minutes). The 
film is then removed and is put into another Coplin jar. Tap water is run continuously ove: 
the films for 1 to 2 minutes. Films are air-dried and stained with the desired stain. A 
control untreated film is stained at the same time as the test films. 

Stained films are examined microscopically to determine the degree of hydrolysis o 
the cell nuclei, The phase microscope has proved useful in certain cases. 

With limited amounts of enzyme solutions, we have used the following technique: Petr 
dishes are floated on the 60° C. water with their cover dishes. A strip of filter paper slight] 
smaller than the size of the glass slides is dipped in the 60° C. water and placed flat in th 
dish. The enzyme solution is heated in a test tube for approximately 5 minutes (i.e., unt 
solution temperature is 60° C.) just before use on the film. The prepared blood film 
placed flat on the warmed wet paper strip; the enzyme solution is put on the film with 
pipette until covered. Care must be used to prevent the enzyme solutions from drainin 
off the slides during incubation. The Petri dish cover is now replaced and incubation timin 


is started. At the end of the incubation period, the films are removed from the floati 
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Petri dish, the enzyme solution is drained off, and films are placed in a Coplin jar to be 
washed with running tap water. Films are then handled 
preceding procedure, 


in the same manner as in the 


RESULTS 

Preliminary experiments in which peripheral blood films were subjeeted 
to the action of urine demonstrated a selective action of the urine on the various 
cells of the different leukoeytie series. However, it soon beeame apparent that 
this activity was not constant and that a number of variables affected the action 
of the urine on the exposed cells. It was observed that certain urine specimens 
acted only slightly or not at all on the blood films and there seemed to be a 
variation in the resistance of cells in films from some pathologie blood. 

In order to understand the factors which influenced the test, the following 
observations were made: 

1. Influence of Temperature and Time.—An experiment was designed 
to determine optimum temperature and time at which the most selective action 
of the urine on various types of cells occurred (Table I, Part 1). The results 
indicate inhibition of the activity of the urine at temperatures of 5 and 20° ©. 
for the shorter periods of time with a slight increase in activity during the 
45 and 60 minute incubation. Maximum effeet of the urine occurred at a 
temperature of 60° C., at which temperature 15 minutes’ incubation pro- 
vided adequate time for complete dissolution of the nuclear material of the 
neutrophil with negligible effeet on the Iymphoeytes and monoeytes.  Incuba- 
tion at 80° C. resulted in a decrease in lysis accompanied by an increase in 
diffusion of nuclear material into the immediate cell area, whereas 100° C. com- 
pletely inhibited the typieal lytic type reaction and resulted in a ‘‘moth eaten”’ 
appearance to the segmented cells unlike that seen at lower temperatures. 

2. The Effect of pll.—Ilt was noted that a variation in the pH of normal 
urine resulted in a differential effeet on the blood films; consequently, the above 
experiment was repeated on urine specimens which were adjusted to pH 7.4 
(Table I, Part I1). There was an aecentuation of the activity of the urine in 
lysing cell nuclei of the granulocytes at each temperature within the active 
range (20 to 80° C.) with little or no additional action on cells of the mono- 
nuclear series. Additional experiments on the effect of pH demonstrated that 
the lysis of the nucleus was dependent to a large extent on this factor. Thus 
4 urine specimen with a pH of 5 to 6 showed only minimal lytie effect on the 
iuclear contents, whereas adjustment of the same urine specimen to a neutral 
rv slightly alkaline pH resulted in maximum activity. The increase in lytie 
tivity resulting from pH adjustment enabled the time of incubation to be 
shortened in many eases. Thus 5 or 10 minutes’ incubation proved satisfactory 
‘or most urine samples. 


3. Use of Salt and Enzyme Preparations.—The nature of the action of 
irine on granuloeytie nuclei has not been determined. Thoma® attributes the 
ffect to a RNAse complex of the urine, whereas more recently Sprague and 
‘O-workers,* using crystalline RNAse, reported no change comparable to that 
suggested by Thoma. They suggested that the effect of urine may be due to 
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extraction of nueleoprotein from the eell by the dissolved salt in the urine with 
the possibility that an additional role be aseribed to the action of proteolytic 
enzymes present in the substrate. 


TaBLE II]. Errect or Various CONCENTRATIONS OF NaCl IN SonutTion on NormMaAt Broon 
FinMS AT 60° 


SALT INCUBATION — | RESULTS 
CONCENTRATION (MINUTES ) POLY MORPHONUCLEAR MONONUCLEAR 
Distilled H,O 10 ++ hydrolysis with nuclear 
shattering 


O.0O17M 10 +++ with nuclear shattering with nuclear shattering 
and diffusion and diffusion 
+++ with nuclear shattering and ++ with nuclear 
and diffusion shattering and diffusion 


0.06SM +++ with nuclear shattering — + with diffusion 
and diffusion 
+++ with nuclear shattering and + with diffusion 
and diffusion 


0.0S5M 10 ++ and ++++ with diffusion with diffusion 
and nuclear shattering 
20 ++ and ++4+ with diffusion and + with diffusion 
and nuclear shattering 


0.145M 10 +++ with diffusion with diffusion 
?0 +++ and ++++ with diffusion with diffusion 


0.256M 10 ++ and +++ with diffusion with diffusion 
20 ++ and +++ with diffusion + with diffusion 


0.342M 10 +++ with diffusion with diffusion 
20 +++ with diffusion with diffusion 


None, No nuclear effects. 
+, Indicates a faint nuclear stain, nuclear wall slightly condensed, nuclear chromatin 
slightly smoother. 
+, Indicates more pronounced nuclear wall Condensation with nuclear chromatin smoother ; 
nuclear stain is less blue and more a muddy pink. 
++, Indicates about one half of nuclear chromatin remaining within the nucleus and 
nuclear wall roughly outlined. Staining characteristic is a deep muddy pink with a_ bluish 
tinge. 
++, Indicates a rough nuclear wall outline with most of nuclear chromatin lysed. The 
remaining chromatin stains a muddy pink with a faint bluish tinge. 
_  +t++, Indicates complete chromatin lysis; nuclear wall condensation which remains stains 
faint pink. 
Diffusion, Indicates a leaking of the nuclear material from within the nuclear walls into 
the surrounding area of cytoplasm and then into the adjacent cell area. 
Nuclear shattering, Indicates that the nucleus appears to have exploded and the nuclear 
material has been forced outward in an exploded pattern. 


TABLE IIL. COMPARISON OF THE. ACTIVITIES OF RNAse AND DNAse IN PHOSPHATE BUFFER AND 
DISTILLED H,0 ON THE NUCLEI OF NORMAL BLooD FILMS 


‘RESULTS: 
ENZYME DILUENT POLYMORPHONUCLEAR | | MONONUCLEAR 
DNAse 11,0 
Buffered 0.85% saline  ++++ 


RN Ase H,0 + (stain affinity greatly re-+-+ (stain affinity greatly 
duced ) reduced) 
suffered 0.85% saline +—++ with diffusion 0-—+ with slight diffusion 


To further study wrine substances responsible for the lytic effeet on the 
vhite blood cells the following was done : 

The effect of varying concentrations of saline solutions on prepared normal 
lood films was determined. These salt solutions contained, respectively, 0.017M, 
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0.068M, 0.085M, 0.145M, 0.256M, and 0.342M NaCl. Distilled was in- 
cluded for comparison. Ineubation of the blood films was carried out at 
60° C. for 10 and 20 minutes after which they were stained with Wright's 
stain. The pli of the salt solutions was in the range of 6.5 to 7.0. The results 
are shown in Table IT. 

Examination of the stained films showed partial dissolution of the nuclear 
contents of the eell; however, most of the material appeared to have diffused 


Fig. 2.—Single segmented neutrophil, treated with 0.68M NaCl. The arrow shows eds: 
of the diffusion of the ruptured nucleus. 

Fig. 3.—Single segmented neutrophil, treated with 7.4 buffered saline solution; arrow 
shows edge of the diffusion of the ruptured nucleus. 
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into the area immediately surrounding the cells, producing a diffuse blue halo 
effect when stained with Wright’s stain (Figs. 2 and 3). This material was 


subsequently shown to react positively in the Feulgen reaction. The affected 
nucleus did net resemble that which is seen after exposure to urine. Most 


of the cells exposed to the salt solutions showed rupture of the nuclear mem- 
brane and cell wall. It appeared that this type of partial lysis is the result of 
simple dissolution of the nucleoprotein with the salt solution acting as solvent. 
This was particularly evident in concentrations of O.O8S5M and O.145M. In 


a 


_ Fig. 4.—Lymphocyte (left) and segmented neutrophil (right) treated with DNAse in 
line showing complete lysis of the neutrophil nucleus. 

, Fig. 5.—-Single segmented neutrophil treated with DNAse in water showing incomplete 
yvdrolysis. 
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order to compare the aetion of urine and saline solution to the activities of 
purified enzyme preparations, solutions which contained 20 mg. per cent 
crystalline RNAse and DNAse were prepared phosphate buffer saline, pil 
7.4. and in distilled water and were ineubated with normal blood films. Table 


Fig. 6.—Single segmented neutrophil treated with RNAse in H:O 
affinity for staining. 


showing decreased 
Fig. 7.—Single segmented neutrophil, treated with RNAse in saline, showing incomplet: 

lysis of nucleus. 

IIT summarizes the results of this experiment. A comparison of these results 

readily shows that the combination of DNAse in phophate saline, pH 7.4, was 

the only one in which results were comparable to those obtained with norma 
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urine (Fig. 4). Cells in blood films exposed to the same coneentration of 
DNAse in distilled H.0 showed a diminished staining ability with vacuolation 
of the nucleus and evtoplasm (Fie. 5). 

RNAse in distilled water resulted in a loss of staining ability for the 
leukoevtes of all series (Fig. 6). In many cases a pseudolysis of the nucleus 
oceurred unlike that produeed by the urine and usually aecompanied by diffu- 
sion of the nuclear material into the surrounding area. 

When RNAse in phosphate saline was used, the nuclei of the granuloeytie 
series again showed an ineomplete lysis with condensation of the nuclear 
material (Fig. 7). In neither RNAse in saline nor RNAse in water was there 
significant effeet on the mononuclear cells. These results with purified RNAse 
are in aecord with these of Thoma’ who found only unpurified enzymes capable 
of duplicating the effect of urine hydrolysis. 


Fig. 8.—Control L.E. cells. 


4. Clinical Application of Urine Test.—In leukemia of various types appli 
ation of the urine test to blood films showed a close correlation with the pre- 
‘icted action, that is lysis of myelocytic nuclei. In only one instance (Patient 
I) was there a diserepaney between the interpretation via the usual evtologic 
iethods and the urine hydrolysis technique. These differences may have re- 
ited (1) from prior treatment of the patient which resulted in a change in 
i¢ composition of the cells, (2) as the direct result of the therapeutic chemieal, 
* (3) misinterpretation of the cell type. 

Table IV shows the results of the urine hydrolysis test when applied to 
‘is group of patients. In most instances, the test was carried out at 56 to 
0° C. for 10 to 15 minutes, using urine adjusted to a pH of 7.0. 
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Exposure of lupus erythematosus (l..E.) cells to the action of urine pre- 
sented a variable picture on different parts of the cell. Fig. 8 shows a control 
group of L.K. cells. Figs. 9 and 10 show 2 of the variations encountered. Fig. 
% demonstrates complete (4+:+:) hydrolysis of the nucleus of the phagocytic 
neutrophil with only minimal (+) effeet on the inelusion body. Fig. 10 shows 
complete hydrolysis of both the neutrophilic nucleus and the inclusion body. 
Still other tests resulted only in the inelusion body being hydrolyzed with no 
effect on the engulfing cell nueleus. These variations may represent differences 


; Fig. 9.—Three L.FE. cells treated with normal urine showing complete or 4 plus hydrolys 
of nucleus of engulfing neutrophil (N) and 1 plus hydrolysis of inclusion body (J). 

P Fig. 10.—Single L.E. cell treated with normal urine; 4 plus hydrolysis of engulfing nucle: 
(N) and 4 plus hydrolysis of inclusion body (J). 
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in the integrity of L.E. eells, or more probably a difference in the eell type from 

whieh the L.K. cell is derived. Thus, an inelusion bedy formed from a mono- 

nuclear cell might be expected to be more resistant to hydrolysis by urine than 

an inclusion body derived from a neutrophil if no change in the susceptibility 

of the nuelear material to hydrolysis occurs during its “‘depolymerization.”’ 
DISCUSSION 

Urine hydrolysis of the leukocytie cells in peripheral blood and bone marrow 
films has been suggested as an aid in the differentiation of cell types. Difficulties 
are frequently eneountered, particularly with primitive leukoeytie cells. With 
the advent of new therapeutic materials whieh apparently have a_ relative 
selective’? action on the various cell types,* it has become inereasingly more 
important that precise cell identifieation be made. There is every indication 
that the impertance of aceurate cell identifieation will become more acute in the 
ruture, 

In our laboratory we have utilized a variety of means to aid in the identifiea- 
tion of these cells whieh are more difficult to recognize; frequently a panel of 
tests is employed. These techniques include Wright’s, supravital, and peroxidase 
staining, phase microscopy, tissue culture studies, and other specialized staining 
techniques. The hope that urine hydrolysis may be useful as an aid in the 
identification of the early blast cells led to the present investigation of the 
factors concerned with its use. 

It is not clear what substances in urine are responsible for lysis of the 
cell nueleus. There have been vigorous proponents for both RNAse and DNAse 


as the aetive substance. Others have suggested a combination of proteolytic 


enzymes and at least one has presented evidence fer the participation of the 
salt content of the urine. Evidence from the present study suggests participa- 
tion of the factors mentioned. The possibility that a more or less highly purified 
enzyme preparation could produce more definitive information is acknowledged ; 
however, only DNAse seemed to produce an effeet comparable to that whieh 
eecurred with urine. <All other preparations in our hands produced only 
a pseudo-type lytie effect. As an example, exposing blood films to various saline 
oncentrations resulted in an obvious dissolution of nuclear material whieh 
‘sembled, in some respects, the effeet produced by urine hydrolysis; however in 
‘ost eases, the effeet was accompanied by a rupture of the wall of the nucleus 
' lower salt coneentrations and by a diffusion of nuclear material into the 
rea adjaeent to the cell at every concentration of saline employed. The re- 
ilting halo effeet when stained with Wright’s stain and the reaction of the 
aterial to the Feulgen procedure point to dissolution of nuclear substanee 
nlike the apparent enzymatie changes which oceur with urine. This halo 
feet produced by saline solutions and other agents has not been observed in 
‘ms exposed to the action of urine at 60° C. but was observed when the test 
as earried out at 5 and 80° C. and was probably due to the action of the salt 

_ the urine with little participation of enzyme at these temperatures. 
*Acute lymphocytic leukemia is most effectively controlled with the antifolics and 6- 


reaptopurine; acute granulocytic with 6-mercaptopurine, the antifolics having no effect. 
ute monocytic leukemia is affected by neither group. 
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Essentially, 3 factors, the pI and temperature of the urine and time, 
should be controlled in the use of urine hydrolysis for demonstrating a differ- 
ential effect on the nucleus of white blood cells. The pL of the urine specimen 
should be determined initially and adjusted to approximate neutrality. Ap- 
parently, maximum differential hydrolysis of the nuclei oceurs at a temperature 
approaching 60° C. At this temperature the time factor is reduced so that the 
desired results are obtained in 5 to 10 minutes in many cases. 

Actual enzyme measurements are contemplated and should be of interest 
for determining the enzyme responsible for nuclear lysis. There have been 
indications from the present study that variations in enzyme content of urine 
specimens from individuals with various hematologie diseases and normal in- 
dividuals may reflect the metabolic changes of the body during periods of 
change in condition and treatment. Theoretically the use of standardized 
enzyme preparations should facilitate the test ; however, in preliminary attempts 
it has not been pessible to supplant with assurance the urine as the hydrolyzing 
agent in the test routine. 

Continued evaluation of the use of the test for cell identification is being 
made and will be considered more fully when sufficient information has been 
obtained, 

SUMMARY 

Conditions affecting the use of urine hydrolysis for the differentiation of 
white blood cells are discussed and findings indicate pHl, temperature and time 
are the most important factors to be controlled. 

Observations on the effeet of purified enzyme preparations in an attempt 
to duplicate the effect of urine revealed that only desoxyribonuclease (DN Ase ) 
in buffered saline gave comparable results. 

Application of the urine test to blood films from a variety of hematologic 
patients substantiated the validity of the differential action in lysing cells of 


the neutrophilie series. The selective action was apparent in the very youne 
cells of this series and was judged of value as an aid to cell identification. 


Additional studies concerning identification of the responsible enzymes 
and the relationship of the enzyme concentration in urine to pathologie con 
ditions are in progress. 

Exposure of lupus erythematosus (l.E.) cells to the action of urine pre- 
sented a variable picture on different parts of the cell. These variations ma) 
represent a difference in the cell type from which the L.E. eell is derived. 
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EFFECTS OF INFUSION OF MOLAR SOLUTIONS OF HYPERTONIC 
SODIUM LACTATE AND SODIUM CHLORIDE ON RENAL 
EXCRETION OF SODIUM AND WATER 
Jose A. Sosa-Fantauzzi, M.D.,* LeoNnarp 8S. Drerrus, M.D.,** 

AND SAMUEL BELLET, M.D.*** 

PHILADELPHIA, Pa. 


|* TILE therapy of slow heart rates, cardiae arrest, and hyperpotassemia'* 7° 

molar sodium lactate has been found to be of value in inereasing eardiae 
rhythmicity. Furthermore, molar sodium lactate has been found to have thera- 
peutie value in electrolyte imbalance associated with both renal and metabolie 
acidosis.°** 


It was noted that many patients with heart disease, often of a severe grade, 


were able to tolerate large doses of molar sodium lactate without the develop- 


ment of heart failure.*?* '® These observations prompted us to determine how 
the normal human kidney tolerates molar sodium lactate as compared to equi- 
molar sodium chloride. 


METHOD AND MATERIALS 


Ten normal subjects without any evidence of renal, cardiac, or electrolyte abnor- 
malities, between the ages of 19 and 36, were selected from the wards of the Philadelphia 
General Hospital. Ringer’s solution was infused intravenously at a rate of 10 ml. per 
iuinute until a constant urine flow was achieved. The average volume of Ringer’s infusion 
needed to achieve a constant diuresis was 2,650 ml. infused over a period of 4 hours. 


Urine was collected through an indwelling catheter at 10 minute intervals. Simultane- 


vusly, heparinized blood samples were drawn at the end of each collection period from 
‘he contralateral arm. After three 10 minute control periods, when both sodium and 
ater excretion were constant, either one molar sodium lactate (6 patients) or one molar 
dium chloride (4 patients) was substituted at the same rate of infusion. Urine and 
lood samples were taken at 10 minute intervals for 3 experimental periods. The urine 
id blood samples were analyzed for sodium, potassium, total solutes, and creatinine by 
ethods previously deseribed.19, 17, 18 


RESULTS 
The comparison of the effects of sodium lactate and sodium chloride in- 
isions in 10 normal patients is summarized in Table I. 


Aided by Grant H 141 (C8) from the United States Public Health Service. 

teceived for publication April 24, 1958. 

*Formerly Trainee, National Heart Institute and the Philadelphia General Hospital. 

**Director of the Electrocardiographic Unit, Hahnemann Medical College, Assistant Visit- 

Physician, Philadelphia General Hospital, Instructor in Cardiology, Graduate School of 
dicine, University of Pennsylvania. 

***Director, Division of Cardiology, Philadelphia General Hospital, Director, Division of 
rdiovascular Diseases, Graduate Hospital of the University of Pennsylvania, Philadelphia, Pa. 

The sodium lactate employed in this investigation was supplied by the Eli Lilly & Comp- 
y of Indianapolis, Ind. 
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After infusion of one molar sodium lactate there was an increase in the 
plasma sodium and total solute concentrations, filtered sodium load, urine flow, 
and sodium exeretion per minute (Figs. 1, 2, and 3). The pereentage exeretion 
of the filtered sodium and filtered water significantly inereased in equal in- 
erements. Hence, the urine sodium coneentration and total urinary solute 
concentration remained at control levels. There was a tendeney for the glomer- 
ular filtration rate to inerease in all 3 experimental periods. 


cc./min. 
14 — 


12 — 


Urine Flow 
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Comparison of mean urine flow per minute after infusion of molar sodium lactate 
and sodium chloride, 


In comparison to the infusion of one molar sodium lactate, one molar 
sodium ehloride showed no significant inerease in serum sodium concentration. 
he glomerular filtration rate, filtered sodium load, and urine flow remained 
ose to control levels. There was an inerease in the sodium and total solute 
cretion per minute concomitant with an increase in the urine sodium and 
‘tal solute concentration. 


Infusion of sodium lactate caused a slight decrease in serum potassium 
neentration, with a concomitant increase in potassium exeretion. 

Sodium chloride had no effeet on the serum potassium concentration or 
inary potassium exeretion. 

There was 16.6 per cent excretion of the infused sodium after sodium 
‘tate administration as opposed to 10.7 per cent exeretion of the infused 
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Fig. 3.—Comparison of mean sodium excretion per minute after molar sodium lactate an 
sodium chloride infusions. 
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sodium after sodium chloride injection. Furthermore, in the 30 minutes follow- 
ing 280 ml. sodium lactate infusion there was 301 ml. of urine exereted or 108 
per cent of the volume infused. After sodium chloride infusion, 145 ml. of 
urine was excreted, or only 51 per eent of the infused volume (Table IT). 


DISCUSSION 
From our results it is apparent that infusion of one molar sodium lactate 
(280 ml. in 30 minutes) enhanees the renal exeretion of sodium and water in 
normal patients (Tables I and IL). The renal tubules are capable of respond- 
ing in a constant uniform and sustained fashion to an ineremental increase in 
sodium lactate infusion. The meehanism by which this is accomplished appears 
to be both an inerease in the filtered sodium load and an inerease in the 
percentage excretion of both sodium and water. One molar sodium ehloride 
showed no increase in filtered sodium load or water excretion, 49 per cent of 

the infused volume being retained (Table IT). 


TABLE IT. COMPARISON OF SopiuM AND WATER EXcRETION AFTER THE RAPID INFUSION OF 
280 ML. OF MOLAR SOLUTIONS OF Na LACTATE AND Na CHLORIDE 


Sodium Excretion 
Sodium Lactate.— 


Sodium lactate infusion mq. 
Sodium exeretion for 3 10 min. experimental periods 46.6 mEq, 
Per cent of sodium excreted 

Sodium Chloride.— 
Sodium chloride infusion mEq. 
Sodium exeretion for 3 10 min. experimental periods 29.9 
Per cent of sodium exereted 

Water Exveretion 

Sodium Lactate.— 
Sodium laetate infusion 
Urine volume for 3 10 min. experimental periods 
Per cent of infused volume exereted 

Sodium Chloride.— 

Sodium chloride infusion 

Urine volume for 3 10 min. experimental periods 

Per cent of infused volume exereted 

Per cent of infused volume retained 


The glomerular filtration rate was not significantly inereased either with 
sodium laetate or sodium chloride and is apparently not a factor in the exere- 
ion of sodium and water under these conditions.'*?* The enhaneed exeretion 
‘! sodium and water with the infusion of molar sodium lactate is not entirely 
nown. The failure of a sodium and water diuresis after the infusion of hyper- 
mie sodium chloride apparently was not a result of increased osmotie pressure 
f the plasma sinee both sodium lactate and sodium chloride were of the same 
smolar concentrations (1,960 mOsm. per liter). Selkurt!! has shown that an 
icrease in the filtered sodium load while sodium reabsorption remains constant 
iuses an inerease in sodium and water exeretion. After infusion of sodium 
ictate as opposed to that of sodium chloride, there was an inerease in the 
itered sodium load from 18.91 to 20.72 mEq. per milliliter (Table I). 
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It has been shown! ?® that various transport systems may not be altered 
to the same extent by the loading solutes and an exeess of sodium may be 


excreted beeause the reabsorptive system fails to reabsorb quantitatively the 
enhanced sodium load. Finally, several investigators*” have demonstrated 
that sodium and water exeretion varies widely depending on the anion of the 
loading solute. Saturation of the reabsorbing system for SO, 
>, and is far lower than that for chloride. Ilenee, a relative 
increase in I[CO,-- exeretion after sodium lactate infusion as opposed to 
chloride infusion would cause an early saturation of the ICO, transport system 


and an enhaneed exeretion of sodium and water. Inereased quantities of this 
unreabsorbed solute would limit water absorption in the proximal tubules and 
eause delivery of an inereased volume of proximal fluid to the more distal 
portion of the tubules. 

Although large volumes of fluids whieh contain sodium are potentially 
capable of overloading the circulatory system,” sodium administered as sodium 
lactate, which is exereted rather easily by the kidney, would appear to have 
certain advantages over solutions which contain ehloride. 


SUMMARY 


1. A comparison was made of the manner in which the normal kidneys 
exerete equimolar solutions of sodium lactate and sodium chloride. 

2. One molar sodium lactate as opposed to one molar sodium chloride 
results in an inerease in serum sodium, filtered sodium load, urine volume, 
and percentage exeretion of sodium and water. Serum potassium concentration 
is decreased with a concomitant inerease in potassium exeretion. 

53. There was 16.6 per cent exeretion of the infused sodium after molar 
sodium lactate administration as opposed to 10.7 per cent excretion of the in- 
fused sodium after sodium ehloride injeetion. 

4. There was a 108 per cent exeretion of the infused volume after sodium 
lactate infusion, whereas only 51 per eent of the infused volume was exereted 
after molar sodium chloride injection. 
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DIFFERENCE IN DAILY ALBUMIN SYNTHESIS BETWEEN NORMAL 
MEN AND WOMEN AS MEASURED WITH [P'!-LABELED ALBUMIN 
JESSE L. STEINFELD, M.D.* 

Beruespa, Mp. 


ERUM albumin concentrations are altered in patients with a number 

of different diseases such as cancer, tubereulosis, nephrosis, hyperthyroidism, 
and cirrhosis. The subject has been extensively reviewed.’* Although an 
alteration in serum albumin concentration may be the result of an increase 
ov decrease in plasma volume, the subnormal serum albumin concentration has 
been shown to be the result of subnormal total body albumin stores in diseases 
as cirrhosis, nephrosis, hyperthyroidism, cancer, regional enteritis, and uleer- 
ative eolitis.°8 In addition, an increased albumin turnover has been found 
with subnormal serum albumin coneentrations in patients with hyperthyroidism, 
nephrosis, regional enteritis, ulcerative colitis, and certain patients with idio- 
pathic hypoalbuminemia, whereas decreased albumin turnover has been found 
in association with subnormal serum albumin concentrations in patients with 
cancer and cirrhosis." * 7° In the reports on albumin turnover, patients have 
been grouped according to disease states rather than according to age and sex 
distribution within a disease state. Sex differences in albumin concentration are 
not reported in standard textbooks'’'? ; in a recent report in which concentrations 
for serum albumin are reported separately by sex, there is no statistically 
significant difference between the 2 groups (Table I). However, the group 


TABLE [. SERUM ALBUMIN CONCENTRATIONS IN MEN AND WOMEN WITHOUT KNOWN DISEASE 


ALBUMIN 


SUBJECT NUMBER | TOTAL PROTEIN (GM. %) 
Men 163 ta 
Women 22 7.1 


Total 185 
Average + standard deviation 68.9 + 4.2 


reported on was composed of hospital patients discharged without a diagnosis 
of significant disease and may represent a select group.” When normal individuals 
were studied with respect to red cell or hemoglobin concentrations,'® total red 
cell volume,** body water and body fat,!® pulmonary volumes and capacities," 
total body potassium,’ or certain renal function parameters” significant differ 
ences between the sexes were found. In the studies reported here, serum 


albumin concentration, total circulating albumin, total exchangeable albumin 
From the General Medicine Branch, National Cancer Institute, Bethesda, Md. 
Received for publication Sept. 8, 1959. 


_*Present address: Department of Medicine, University of Southern California, School o 
Medicine, 2025 Zonal Ave., Los Angeles 33, Calif. 
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and albumin turnover were found to differ in a small group of normal young 
men and women, although considerable overlapping in values in each group 
oceurred, 
MATERIALS AND METHODS 
The individuals studied volunteered as control subjects for medical studies (Table IT). 


The individuals were 18 to 22 years of age except for Patient 01-32-68 who was 30 years of 


age, 


The average age of the individuals studied was 21.0 years; the average woman was 


19.8 years of age and the average man was 21.5 years of age. All subjects were in good 


health with no chronic or recent acute diseases, Subjects were weighed daily before breakfast 


and maintained constant weight throughout the 1 month period of study. Total calorie and 
total protein intake were estimated daily by trained dietitians who offered the subjects 
relatively constant diets during the study period. Each individual studied had normal liver 
funetion as estimated by serum bilirubin and alkaline phosphatase levels as well as normal 
cephalin-cholesterol flocculation and thymol turbidity tests. 

Two days prior to, and throughout, the period of study the subjects received 10 drops 
of Lugol’s solution every 8 hours. One hundred microcuries of [121 albumin (10 to 50 mg. 
of albumin) diluted to 10 ml. in normal saline was delivered intravenously via a calibrated 
syringe. Four milliliter oxalated blood samples were removed without stasis at 12 and 24 
minutes, 1, 2, 4, 8, 12, and 24 hours, and daily thereafter. Quantitative urine collections were 
obtained daily for the entire period of study. Oceasional creatinine determinations on 24 
hour urines were obtained as a check on the constaney of the 24 hour urinary collections. 
Twice weekly thyroid and thigh in vivo radioactivity determinations confirmed the absence of 
selective iodide 1151 capture by the thyroid. 

> One milliliter blood samples were counted in 4 ml. screw cap vials in a thallium activated 
sodium iodide well scintillation counter to a standard deviation of 2 per cent. One hundred 
milliliter aliquots of the 24 hour urine collections were counted in an 8 ounce serew capped 
bottle on the top of the well with the lead pig removed. Appropriate standards were counted 
each time the subjects’ blood or urine radioactivities were measured. Two sets of standards 
were used corresponding to the serum (1 ml.) and urine (100 ml.) unknowns. The actual 
standards were dilutions of sodium iodide [151 which had been compared to appropriate 
dilutions of the original 1151 albumin solutions made on the first day of each study, [151 
albumin standards were not used throughout the 1 month study period since the albumin 
settled in the counting vials or jars and adhered to the glass walls, making reproducible 
counts impossible. Plotting the log of the counting rate of an 1151 albumin standard against 
time, therefore, did not give the characteristic physical decay curve of 1151, whereas plotting 
the log of the counting rate of a sodium iodide I! standard did give the proper decay curve. 

For each subject 4 curves were plotted, of which 3 are shown in Fig. 1. The per cent 
f the 1151 albumin which remained in the body was obtained by subtracting the daily per 
ent of the original 111 albumin dose which was excreted in the urine from 100 per cent. 
Stool radioactivity averaged less than 1 per cent of urine radioactivity on any day and was 
eglected in this calculation as was the amount of radioactivity in each serum sample. Not 
hown in Fig. 1 is the plot of the fraction of the injeeted dose present in 1 ml. of plasma. 
‘he per cent of the 1431 albumin dose which remained intravasecularly was obtained by mul- 

plying the radioactivity in 1 ml. of plasma by the plasma volume and expressing this as a 
ercentage of the total radioaetivity which remained in the body. This is shown in the 
‘iddle section in Fig. 1. From albumin concentration, the plasma volume, and the fraction 
f the total dose which is intravascular, total exchangeable albumin (TEA) may be calculated 
plasma volume = grams albumin per milliliter of plasma x 100 TEA 
per cent LHSA* intravascular at equilibrium 

Another variation of TEA calculation is the isotope dilution method: dividing the 

raction of the LHSA per milliliter of plasma into the albumin concentration per milliliter 


*IHSA = I! human serum albumin, 
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of plasma at distribution equilibrium as determined by the appearance of the horizontal 


asymptote in the middle portion of Fig. 1. Finally, the daily degradation rate was determined 


for each day of the study by dividing the amount of radioactivity exereted in the urine on 
that day by the amount of radioactivity still remaining in the body on the mid-point of that 
day. In the lower portion of Fig. 1 is plotted for each individual day the per cent of 1131 


TABLE ILI. Reportep Data ON ALBUMIN TURNOVER 


NUMBER T% ALBUMIN SYNTHESIS ”’ 


AUTHOR 


TECHNIQUE USED STUDIED 


DAYS GM./KG./DAY 


London27 

Sterling 

Berson and co-workers5 

Armstrong and associ- 
ates2s 

Volwiler and collab- 
orators!§ 

Bauman29 

Masouredis and 
Jeeckmans23 

Margen and Tarver*0 


Oral N15 glycine 

1131 albumin 

1131 albumin 

Oral $5 yeast 
IV $35 plasma 

Oral $35 eystine 
IV 835 plasma 

1131 albumin 

IV glyeine-2-C14 
[181 albumin 

IV S55 plasma or 
albumin 


20 
14.0 
17.8 
30. 
25. 
27.4 
22.0 
14.0 
33 
12.4 


26.5 


Not 
Not 


Not 
Not 
Not 
Not 


Not 
Not 


available 
available 
0.205 
available 
available 
available 
available 
0.22 
available 
available 
(0.18) 


[131 albumin 18.0 (0.41) 


albumin degraded on that date. 


The 


figure divided into the natural logarithm of one halt, 0.693, should give an internal check 


half-time obtained from the upper portion of the 


on the per cent of iodinated albumin degraded each day. The slope of the per cent of 


IHSA which remained in the bedy (shown in the upper portion of the figure) is identical 


in all instances with the slope of the terminal portion of the plasma radioactivity eurve 


When this is plotted for the entire period of study. 


TABLE IV. COMPARISON OF DATA ON Bopy CONTENT AND TURNOVER OF ALBUMIN BY SEX 


WOMEN MEN 


STANDARD 
ERROR OF 
MEAN 


STANDARD 
ERROR OF 
MEAN 


STAN DARD 
DEVIATION 


STAN DARD 


ALBUMIN AVERAGE AVERAGE DEVIATION 


Albumin concentration 
(Gm./100 ml.) 
Plasma volume 
(ml./Kg.) 38.7: 
Total circulating albumin 
(Gm./Kg.) 
Total exchangeable 
albumin (Gm./Kg.) 
Per cent IHSA 
degraded/day 
\lbumin degraded 
(Gm./Kg./day ) 


0.24 0.069 0.28 


$2.75 6.59 


0.180 0.02 


RESULTS 
The 
‘or the 12 women was 3.7 Gm. per cent whereas the average albumin coneentra- 


The results are listed in Table IT. average albumin concentration 


‘ion in the 8 men was 4.0 Gm. per cent. 


The average plasma volume in the 
vomen was 38.7 ml. per kilogram, whereas the average plasma volume in the 
uen was 42.8 ml. per kilogram. The total circulating albumin expressed in 


crams per kilogram of body weight was 1.4 for the women and 1.7 for the men. 


| 
10 
1 
7 
3 
9 
: 
8 
0.1 
2.33 
1.70 0.24 0.1 ; 
4.55 0.34 0.12 
5.22 0.84 0.3 
0.236 0.03 0.01 
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The total exchangeable albumin was 3.91 Gm. per kilogram for the women and 
4.55 for the men. The ratio of the total cireulating albumin to the total ex- 
changeable albumin was 36.7 per cent in the women and 37 per cent in the men. 
The per cent degraded per day was 4.6 for the women and 5.22 for the men 
with albumin turnover being 0.18 Gm. per kilogram per day for the women 
and 0.24 Gm. per kilogram per day for the men. The average caloric intake 
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Fig. 1.—Representative data obtained during 1 month study of I™ albumin degradation. For 
interpretation see text. 


for the women was 2,250 calories, whereas for the men it averaged 2,760 calories. 
The women ingested an average of 84 Gm. of protein per day, whereas th« 
men ingested an average of 104 Gm. of protein per day. Unfortunately, basa’ 
metabolic rates and total body water determinations were not obtained on thi: 
group of patients so that comparison of albumin metabolism on the basis o 
active metabolizing body tissue, exclusive of fat, could not be made. 
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DISCUSSION 


In previous investigations of TI’ albumin metabolism and albumin eon- 
centration, men have been the subjeets of study for the most part. The data 
presented here indicate that the man has a greater rate of albumin synthesis 
and breakdown than has the woman but this may be simply a reflection of his 
relatively greater active muscle mass or body water.* }> Beeause of the availabil- 
ity of the recent comprehensive review of Volwiler and associates'® of albumin 
metabolism, the data presented in Table IIT list only the recent estimates of 
albumin synthesis in adult individuals; the technique used for determination 
of albumin turnover is given. 

The use of P albumin as an adequate tag for serum albumin has been 
seriously challenged.®: *°*1 For comparative purposes and with carefully pre- 
pared I*** albumins, however, reproducible results may be obtained.* 2% 73 
I'*' albumin may not be an ideal tracer for body albumin sinee its behavior 
on DEAE cellulose is different from that of native serum albumin, although 
electrophoretically it may have the same mobility as serum albumin.*2 


Criticisms 
have also been leveled against the use of S® 


and C'! albumin turnover studies 
on the basis of reutilization of isotope. '*»*")** It is not possible, therefore, to 
compare iodoalbumin data with data obtained when other labels were used 
since the S*°- or C'!-endogenously-, or even exogenously, labeled proteins are 
reutilized in the synthesis of albumin when the original molecule is broken down. 
Further, the technique used for estimation of total exchangeable albumin 
varied markedly from author to author; widely varying estimates of total body 
albumin may be obtained from the same set of data depending upon whether 
the plasma curve is extrapolated to zero time or whether a kinetie analysis is 
used—assuming a certain pattern of body albumin distribution and degrada- 
tion.2* This subject has been extensively reviewed recently“) For this 
reason the data in Table IIT are not complete and data on albumin turnover in 
grams per kilogram per day are bracketed in those instances where an extra- 
polation method for ealeulation of total body albumin was used. Under these 
‘ircumstanees an erroneously high estimate of body albumin is obtained.* #! *4 
In the present investigation, use of similar I**! preparations in normal men 

nd women who were not convalesecing from a chronie disease vielded absolute 
alues for albumin turnover which differed significantly in several of the 
rameters related to body albumin stores and synthesis (Table IV). Sex 
lifferences in total circulating albumin, total exchangeable albumin, and albumin 
legradation in grams per kilogram per day are significant at p—0.01, whereas 
he sex differences in albumin concentration and daily per cent IHSA degrada- 

ion are significant at the p—0.05 level for this small group of subjects. 


SUMMARY 


1. In 12 normal women the average albumin concentration was 3.7 Gm. 
er cent; the average cireulating albumin was 1.4 Gm. per kilogram; the average 
ital body albumin was 3.91 Gm. per kilogram; and the average rate of synthesis 
nd degradation was 0.18 Gm. per kilogram per day. 
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2. In 8 normal men average serum albumin concentration was 4 Gm. per 


cent; the average total circulating albumin was 1.7 Gm. per kilogram, the 
average total body albumin was 4.55 Gm. per kilogram; and the average rate 
of synthesis and degradation was 0.24 Gm. per kilogram per day. 


3. There is a difference in the rate of albumin synthesis and degradation 


between normal men and women which may be related to calorie intake, muscular 
activity, active metabolizing body tissue, or other as vet undetermined factors. 
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SEPARATION OF 6.68 and ISS GAMMA GLOBULINS WITH 
ACTIVITY 
Joun L. M.D., ELeANoR G. Morrison, B.A. 
Breriespa, Mp. 
HWE anti-A and anti-B isohemagelutinins of man are plasma proteins recog 
nized by their ability to react with the appropriate erythrocyte substances, 


the A and B_ isohemagelutinogens, respectively. The isohemagglutinins are 
known to be gamma Immunologic studies indicated that the 
isohemagelutinins were heterogeneous,” * and reeent immunochemieal studies by 


MeDuffie and co-workers’ showed that isohemagelutinin activity was possessed by 
more than one type of protein molecule. 


With the demonstration that the 18S and 6.68 gamma globulin groups could 
be separated by anion-exchange cellulose chromatography,® an investigation of 
the distribution of isohemagglutinin activity in the gamma globulin fractions 
was undertaken. Both the anti-A and anti-B isohemagelutinins were found in 
two distinet chromatographic gamma globulin fractions. Ultracentrifugal studies 
of the two fractions indieated that in one fraction the aetivity was associated 
with 18S gamma macroglobulins, in agreement with the observations of Peder- 
sen’ and Deutseh and co-workers.' In the other fraction isohemagelutinin 
activity was found to be a property of 6.68 gamma globulins. 


MATERIALS AND METILODS 


Sera were obtained from 2 normal men with group O ervthroevtes. Neither had ever 
received blood transfusions, or blood group specific substance A or B= injeetions. The 
isohemagglutinin titers were 1:256 for anti-A and 1:12S for anti-B in both sera, 

Isohemagglutinin titers were determined on serial dilutions of serum or protein frae 
tions in 0.9 per cent saline; a clean graduated serologic pipette was used for each dilution. 
One drop of diluted serum or protein fraction and 1 drop of a measured 2 per cent saline 
suspension of appropriate cells were delivered into 10 by 75 mm. tubes, incubated 30) 
minutes at 22° C., centrifuged 45 seconds at 900 g, and read macro- and microscopically. 
Reactions were graded according to Race and Sanger.s The titers given are a reciprocal 
of the highest dilution which showed at least a 1 plus reaction. 

Zone electrophoretic fractionation of serum was carried out on polyvinyl chloride 
particle blocks and utilized about 1 ml. of serum.6 After the protein content and 
isohemagglutinin activity in each block fraction were determined, the gamma globulin 
region was pooled, The gamma globulin pool and the whole serum from each subject were 
fractionated separately by chromatography on diethylaminoethyl cellulose® column. The 
procedure, described in detail elsewhere,6 employed 150 ml. phosphate buffer, pH 8.0 The 
proteins were applied at low ionie strength (0.02M phosphate) and eluted by progressively 
increasing the ionic strength of the eluting solution. The effluent of the chromatogram 
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was divided into 10 or more pools, concentrated by ultrafiltration to about 1 ml, dialyzed 
against buffered saline, pH 7.6 and tested for isohemagglutinin activity. 

Chromatogram pools, collected in the regions between 5 to 15 per cent and between 
60 to 85 per cent of the total elution volume, were fractionated by preparative ultracentri- 
fugation techniques after adjustment of the effluent pool volume to 14 ml. and dialysis 
against buffered saline, pIf 7.6. Ultracentrifugation was carried out as deseribed by 
Robbins and associates!® in a model L Spinco ultracentrifuge utilizing a No. 40 rotor at 
39,000 rp.m. for 150 minutes. Successive fractions were removed, starting at the top 
ot the tube, and tested for activity. 


RESULTS 

Preparative electrophoretic fractionation of whole sera revealed the isohem- 
agelutinin activity to be wholly within the gamma globulin region (Fig. 1). 
No difference was noted between the distribution of the anti-A and the anti-B 
activities. 

Chromatographie fractionation of whole sera or of cleetrophoretically pre- 
pared gamma globulin revealed the isohemagglutinin activities to be eluted in 2 
regions of the chromatogram (Fig. 2). The distribution of anti-A and anti-B 
activities was similar. A small amount of the isohemagelutinin activity was 
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Isohemagglutinin distribution after serum fractionation by zone electrophoresis on 
a polyvinyl chloride particle block. 


ound in the region of 5 to 15 per cent of the effluent volume. In previous 
‘udies characterizing the proteins of this region only proteins with gamma 
lobulin electrophoretie mobility and ultracentrifugal sedimentation coefficient of 
6S were found in the 5 to 15 per cent effluent region.® This region has been 
‘rmed gamma globulin fraction 1. 

Most of the isohemagglutinin activity was eluted in the 60 to 85 per cent 
‘ituent region. The proteins of this region, gamma globulin fraction 5, are 
rineipally 18S gamma macroglobulins.® 
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Ultracentrifugal procedures were utilized to characterize further and_ to 
distinguish between the isohemageglutinins found in the 2 chromatogram frae- 
tions. Ultracentrifugation was earried out under conditions whieh cause only 
partial sedimentation of 6.68 gamma globulins but almost complete sedimenta- 
tion of 18S gamma macroglobulins. The results of such a short term preparative 
ultracentrifugation are illustrated in Fig. 3.) The activity in the 5 to 15 per cent 
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Fig. 2.—Isohemagglutinin distribution after anion-exchange cellulose chromatographi« 
fractionation of whole serum and of gamma globulins obtained from whole serum by pre- 
parative electrophoresis. 


chromatogram region sedimented slowly, and the activity in the 60 to 85 per cent 
region sedimented rapidly. The evidence clearly demonstrated that the 2 ¢hro- 
matographie isohemagglutinin fractions had different physicochemical properties. 
These activities apparently are associated with 6.68 gamma globulins in fraction 
1 and 18S gamma maeroglobulins in fraction 5. 


DISCUSSION 


The physicochemical demonstration of 2 different molecules which react in a 
similar manner in the test for isohemagelutinins confirms and extends tli 


immunochemical evidence for 2 or more such components in human sera obtained 
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with anti-A:A substance and anti-B-B substance specifie precipitates. Similar 
distribution of aetivities between gamma globulin fractions 1 and 5 have been 
found for the Rh antibodies, anti-Rh, (D) and anti-rh’ (() in hyperimmune 
sera’ and of antiliver nueleoprotein activity in lupus erythematosus sera.’* 
Many other antibody and antibody-like activities, however, were found only in 
fraction 1 or fraction 5."! 

Abelson and Rawson’ recently reported substituted cellulose c¢hromato- 
eraphic fractionation of serum isohemagelutinin activity into 3 fractions, one 
of which was identified as a 6.68 gamma globulin. Because whole serum was 
employed as a starting material in their chromatographic procedures, the other 


chromatogram fractions which have isohemagglutinin activity were composed of 
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Fig Ultracentrifugal sedimentation differences between the isohemagglutinin activities 
found in chromatographic gamma globulin fractions 1 and 5. Ultracentrifugation was conducted 
for 150 minutes at 39,000 rp.m. at 5° C. Serial samples were withdrawn from the tube by 
means of a sampling pipette and tested for activity. Cumulative isohemagglutinin activity 
is plotted against the depth of the tube. 


several protein components as shown by analytie electrophoresis and ultracentri- 
‘ugation. The authors did not report which of these components possessed 
isohemageglutinin activity. They did find, however, that individuals with abnor- 
mal or unusual exposures to A or B blood group substances varied in the 
‘lative amount of aetivity in the several chromatogram fractions. It would be 
of interest to know what conditions increase the 6.6S isohemagelutinins and 
vhat ¢cireumstanees inerease the 18S isohemagelutinins. It would also be of 
interest to know whether these 2 isohemageglutinins react at the same antigen 
ite on the red blood cell or at different sites. Anion-exchange cellulose chro- 


natography as performed here would appear to be a relatively easy method of 


separating these activities for further study. 


FAHEY AND MORRISON 


SUMMARY 


The anti-A and anti-B isohemagelutinin activities have each been separated 
into 2 fractions by anion-exchange (DEAE-) cellulose chromatography. Both 
fractions have been identified as gamma globulins, one having a sedimentation 
coefficient of about 6.6S and the other of about 18S. In 2 normal blood group O 
donors the amount of activity in the 18S gamma elobulin fraction exceeded the 
amount of activity in the 6.68 gamma globulins. 
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EXPERIENCE WITH PROLONGED ADMINISTRATION OF 
INTRAVENOUS FAT EMULSIONS 


BEHAVIOR, COURSE, AND LABORATORY FINDINGS IN Doas 


IsipoRE Conn, JR., M.D., M. Artix, M.D., QueNTIN L. Harrwic, Pu.D., 
ALVIN M. M.D., Moretanp, M.D., AND Josuua C. Werner, M.D. 
NEW ORLEANS, LA. 


agg continued experimentation following the early efforts of Yama- 
kawa’ to develop a fat emulsion for intravenous administration, a fat 
emulsion has yet to be formulated that may be administered safely in thera- 
peutic quantities over a prolonged period of time. Since the high ealorie 
content of lipids should make fat emulsions ideal as a continuing source of 
energy to patients, a study of the reactions to long-term administration of 
fat emulsions was undertaken. 


Adverse reactions to fat emulsions may be divided into 2. categories: 


immediate and late. Immediate reactions encompass symptoms such as fever, 


chills, and nausea.*:° The late reaction, sometimes referred to as the overloading 


syndrome, includes anemia,’ ° lipemia,®* gastrointestinal bleeding,® im- 
paired liver function,” and other abnormalities. These reactions need to be 
clearly delineated so that further investigation can be directed toward their 
elimination. To produce these late reactions, normal dogs were infused with 
3 or + times the elinieally recommended amount of fat emulsion. The effects 
of infusion of large quantities of 2 intravenous fat emulsions are presented 
with attention directed to the toxic changes which occurred. 


METHODS 


Dogs were selected after being maintained in the animal colony for a minimum of 2 
veeks. Some dogs were then started on the infusions, whereas others were observed up to 2 
uore weeks to establish a base line for feeding habits and for changes in weight, hemoglobin, 
nd white cell counts. Five control dogs that received no intravenous fluids were subjected 
v the same studies as the 21 experimental animals. 

Under intravenous Nembutal anesthesia, a size 8 French polyvinyl (Pharmaseal) tube 
vas inserted into the external jugular vein. The plastic tube was tunneled subcutaneously 
o the dorsum of the neck and exteriorized. The tube was connected to a Touhy-Borst adapter 
vhich was secured to a leather dog harness. The entire area was wrapped in canvas to 
revent the dog from disturbing the apparatus. In the event the plastic tube came out of 
ie vein, other cutdowns were performed on the opposite external jugular vein, on the femoral 
eins, on smaller vessels, or, eventually, only ordinary venipunctures were used. 


From the Department of Surgery, Louisiana State University School of Medicine, 


New 
rleans, La. 
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The two intravenous fat emulsions used in these experiments were Lipomul I.V.* and 
an emulsion specially made for these studies, referred to as SR.t The two emulsions are 
composed of 15 per cent cottonseed oil and differ only in their emulsifier-stabilizer systems. 
Both preparations contain Pluronic F-68  (polyoxyethylenepropylene) as coemulsifier. 
Lipomul I.V. employs a phosphatide, lecithin, as the emulsifier. SR contains 1.25 per cent 
polyethylene glycol 400 (mono) stearate (a nonphosphatide emulsifier), with 0.5 per cent 
TEM 4T (acetylated tartaric acid ester of monoglycerides) as the stabilizer.10 


Intravenous fat emulsions were administered 5 times weekly beginning the day after 


the cutdown. The average infusion ran 60 drops per minute and took about 3 hours. The 
animal was able to move about the cage at will during those infusions administered through 
the external jugular vein. At the end of each infusion the plastie tube was filled with 1 to 2 
ml. of a solution containing 20 mg, heparin per 50 ml. of 50 per cent dextrose to prevent 
clotting in the tube between infusions, 


Fig. 1.—Effect of multiple infusions of Lipomul I.V. and SR at various dosage levels on 
hange of weight and feeding habits in dogs. In this and subsequent charts each arrow 
epresents the death of 1 dog. 


The animals were fed Purina dog chow kibbled meal and water throughout the study. 
Vhen feeding habits were followed, each day’s food was weighed as was the uneaten portion 
hich remained from the previous day. This served as an approximation of the general 
‘eding habits of the animal, regardless of whether or not this may have been followed by 
gurgitation of the food. 

Blood samples were drawn prior to the first and fifth infusion of each week. Complete 
lood counts, including platelet and reticulocyte counts, were done on all animals. Blood 
‘lume, serum protein, chlorides, potassium, sodium, blood urea nitrogen, and electrophoretic 
‘udies were obtained on some animals. 


rea *All Lipomul I.V. used in this study was supplied by The Upjohn Company, Kalamazoo, 
11¢ 


_ The SR emulsion was made by the Southern Utilization Research and Development 
‘ivision, United States Department of Agriculture, New Orleans, La. 
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The animals were observed daily during the period of fat administration. All animals 
except those retained for prolonged observation were subjeeted to complete autopsy. Duplicate 


sections were sent to the U. S. Army Medieal Nutrition Laboratory* for a detailed study of 
the so-called intravenous fat pigment. 


RESULTS 

Clinical Findings——The effeets of daily infusions of varying amounts of 
intravenous fat emulsions are seen in Table I, and may be summarized by 
noting that animals survived the daily administration of 30 ml. per kilogram 
of Lipomul LV., or 40 ml. per kilogram of SR, but did not survive when 
larger amounts of either emulsion were administered. The tolerance data were 
also evaluated by determining the average ‘‘dose-day’’ level of Lipomul LY. 
and SR infused dogs (Table 1). This was ealeulated by multiplying the 
dosage level for each dog by the number of infusions that the dog received. 
The average for Lipomul I.V. was 640 dose-days as compared to 960 dose-days 
for SR, a difference of 30 per cent. 

The major clinieal changes noted in these animals fell into 6 categories: 
(1) general activity, (2) weight, (3) feeding habits, (4) vomiting, (5) gastro- 
intestinal bleeding, and (6) eough and dyspnea. 


General activity: There was a significant decrease in general activity 


during the hours of intravenous fat administration; this was most prominent 
in those receiving the highest dosage level of both fats. The dogs usually 
rested quietly in their cages during the administration of the fat emulsion, 
and would often remain so for 2 or 3 hours after completion of the infusion. 
The animals were no longer frisky by the seeond or third week of infusion 
therapy. 


Weight: The majority of animals receiving intravenous fat lost weight, 
regardless of which emulsion was used (Fig. 1, Table I). At dosage levels 
between 30 and 40 ml. per kilogram, weight losses ranged between 1 and 14 
per cent for those receiving SR and between 6 and 25 per cent for those 
receiving Lipomul LV. 


Feeding habits: Oral intake decreased noticeably during the period of 
fat administration. Daily oral intake was measured for 6 animals receiving 
fat and for 3 control dogs. Daily oral intake was 72 to 78 per cent of normal 
by the end of the first week of fat administration (Fig. 1). In the group 
receiving 30 ml. per kilogram of SR, the intake fell to 43 per cent of normal 
during the last week of infusion. After the last infusion of fat, food intake 
rose to approximately 90 per cent of normal. Food intake in the group re- 
ceiving 40 ml. per kilogram of SR fluctuated between 80 and 90 per cent of 
normal after the first week. Animals that died after receiving 50 ml. per 
kilogram of SR had lowered their food intake to 31 per cent of normal prio! 
to death. 


Vomiting: Vomiting occurred in over 80 per cent of all animals receiving 
hoth kinds of fat emulsion. The dogs that received Lipomul I.V. and did 


*We wish to thank Major S. W. Thompson, U. S. Army Medical Nutrition Laboratory 
Fitzsimons Army Hospital, Denver, Colorado, for staining and evaluating the many tissues 
sent him from this project. 
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not survive first began to vomit with either the first or second infusion and 
continued vomiting intermittently until death. In no case was the vomiting 
of sufficient magnitude to eause death by fluid or electrolyte imbalance. The 
2 dogs that survived the infusion of Lipomul I.V. at the rate of 30 ml. per 
kilogram stopped vomiting after the fifth infusion. Vomiting usually began 
during or shortly after the completion of the infusion and was of brief duration. 


= 
2 
= 
> 
3 
= 
o 


\-4 


DAYS 
Per cent change in hemoglobin after multiple infusions of Lipomul I.V. and SR <¢ 
different dosage levels. 
‘he vomitus was clear and watery except in the ease of 1 dog which had 
ematemesis on the day of death. Animals that received SR did not vomit 
util the sixth or seventh infusion and usually stopped vomiting before the 
ist week of infusions. 
Gastrointestinal bleeding: Blood was grossly detectable in the stools of 
dogs receiving Lipomul L.V. and 2 receiving SR. This was not seen until 
he last one or two infusions, and did not occur in the animals which survived 
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fat administration, except for 1 dog with an intussuseeption. In all 6 cases 
of melena, a gastrointestinal source of bleeding was found at autopsy; duodenal 
uleers were found in 3, petechial hemorrhages in the duodenum or prepylorice 
area in 2, and an intussuseeption in 1, 


Cough and dyspnea: Three animals that reeeived Lipomul I.V. had a dry 
cough and dyspnea during the last few days of fat administration. Large 
pleural effusions were found at autopsy in each, and one had an apieal lung 
abseess which had ruptured into the pleural cavity. 


Lipemia: Nine of the 21 dogs (Table 1) developed lipemia. All dogs with 
persistent lipemia died prior to completion of the originally proposed number 
of infusions. Of the 12 dogs that did not develop lipemia, 3 died. Lipemia 
frequently disappeared during the 2 day week end when fat emulsions were 
not given, but by the end of the succeeding week lipemia would again be 
present. Two dogs receiving Lipomul I.V. were able to clear the lipemia 
during a 2 week interruption of therapy, but when fat infusions were resumed 
lipemia reappeared after fewer infusions than in previously normal dogs. 
Of the 9 lipemie dogs, 7 were on Lipomul I.V. and 2 on SR. These results 
suggest that the overloading syndrome appears earlier in dogs reeeiving 
Lipomul I.V. than in those receiving SR. 


Laboratory Studies —The major emphasis in laboratory evaluation of 
these animals has been upon changes in the formed elements of the blood and 
upon the changes in serum proteins as measured by eleetrophoresis and_ salt 
fractionation. Serial studies revealed no significant changes in blood sugar, 
prothrombin time, Lee-White clotting time, direct and total bilirubin, or in 
platelet counts. There was a terminal increase in blood urea nitrogen in 4 
animals, but all others remained within normal range. Bromsulphalein  re- 
tention was within normal limits in 8 dogs, but 4 dogs receiving Lipomul LV. 
and 1 dog receiving SR showed increases from 10 to 40 per cent retention. 

Blood volume decreased from 12 to 13 per cent in the 3 dogs in whieh 
this was measured. 

ITemoglobin: A normochromie normocytic anemia developed in all dogs 
which received intravenous fats (Fig. 2), but the anemia was more severe 
in those which received Lipomul I.V. than in those which received SR. There 
also appeared to be a correlation between the drop in hemoglobin and_ thi 
dosage of intravenous fats given, but this did not become apparent until afte 
the third week of therapy. A marked anemia was noted at the end of therap) 
in some animals. 


Reticulocyte counts: Retieulocyte counts were an aid in the study of th 
progressive anemia. In this laboratory, the normal reticulocyte count of dog 
ranges between 0.3 and 3 per cent. The reticulocyte count in the anima! 
on intravenous fats did not indicate a marked response to the anemia bu 
isolated elevations of 6 to 17 per cent were noted during or after infusiot 
in 4 dogs. 


White blood cell count: An elevation of the white blood cell count w: 
observed during the first week of infusion. It was maintained througho' 
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the period of infusion, and was followed by a further precipitous rise just 
prior to death (Fig. 3). 

Serum proteins: A detailed study of the changes in serum proteins of 
these dogs was performed by Singleton and eco-workers'* and is reported else- 
where. 

Autopsy Findings.— 

Survival experiments: Dogs given Lipomul I.V. at the rate of 30 ml. 
per kilogram or SR at the rate of either 30 or 40 ml. per kilogram survived 
30 infusions, after whieh infusions were terminated. Dogs from each of these 
3 programs were killed at the end of the experiment for an immediate evalu- 
ation of the ehanges following prolonged intravenous fat emulsion admin- 
istration. Others were kept for long-term study. In 1 dog that received 
the higher dosage of SR fat, a significant finding was a 1.5 by 1.5 em. ulcer 
Fig. +) on the anterior surface of the duodenum, 4 em. distal to the pylorus. 


350- 


= 
3 
=x 
J 


8 


3.—Per cent leukocyte change observed in dogs after multiple infusions of Lipomul I.V. 
and SR 
lother dog, No. 1544, had a 10 em. intussusception of the terminal ileum. 
none of these animals was there evidence of fatty degeneration of liver, 
leen, or kidney, nor was there any unusual fatty deposition deteeted by 
eelal staining of the aorta.’ 

Histologie studies showed no significant abnormalities except for variable 
perplasia of the lymphoid tissues and bone marrow, and the presence of the 
‘ravenous fat pigment deposits in the liver, spleen, lymph nodes, and bone 
arrow, 
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Nonsurvival erperiments: Nine dogs that received Lipomul I.V. at dosages 
higher than 30 ml. per kilogram died prior to completion of the planned 
program of therapy. The liver was generally light brown in color, greasy to 
the touch, and grossly enlarged. Eight had pneumonie changes and 6_ had 
pleural effusions which were often bilateral. 

Peritoneal fluid, present in 4 dogs, was usually lipemic, hemorrhagie, and 
scant in amount. The spleen was generally pale and contracted. 

Abnormalities of the stomach or duodenum were found in 5 of the 9 dogs. 
These varied from elassie peptie uleers in 4 dogs (3 duodenal and 1 gastric) 
to a hemorrhagie mucosa in 1 dog. 


Duodenal ulcer in Dog 7026 killed after receiving 30 infusions of SR at a dose of 40 mil 
per kilogram. 

Two dogs that received SR at 50 ml. per kilogram did not survive. Both 
had grossly fatty livers, pneumonia, and pleural effusions. A large duodenal 
erosion was present in 1 dog in addition to areas of hemorrhagie mucosa in 
the upper small bowel. A large intra-abdominal abscess involving the tail of 
the panereas, left adrenal, and left perirenal area was present in 1 anima! 
that also had a serosanguinous pericardial effusion. 

Histologic studies showed varying degrees of pneumonitis, atelectasis, 
congestion, and pulmonary edema in the majority, and septie emboli in ° 
animals that died after infusion of either Lipomul I.V. or SR. In the livers 
of dogs which received Lipomul LV. and SR were microgranulomata filled 
with pigment-laden histioevtes. The liver showed areas of foeal necrosis i} 
4, varying amounts of fatty infiltration in 5, and congestion in 3 of the dog 
receiving Lipomul I.V., and 2 of the dogs receiving SR had fatty infiltration 
Fatty infiltration and degeneration of the renal tubules were noted in 2 dog 
on Lipomul I.V. and 2 on SR. 

The intravenous fat pigment was found in all animals which receive 
Lipomul LV, and SR in the eytoplasm of the reticuloendothelial system in th 
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liver, spleen, lymph nodes, and bone marrow. The intravenous fat pigment has 
not yet been identified in spite of extensive studies.‘ 

Material for liver biopsies has been taken from 4 dogs whieh survived 
the infusion period. Dog 6188 received 18,900 ml. of SR over a period of 
42 days. Three days after termination of infusions, the liver biopsy revealed 
aggregates of macrophages containing a foamy eytoplasm throughout the pa- 
renchyma of the liver. The intravenous fat pigment was identified within the 
eytoplasm of the macrophages. Four hundred days later a liver biopsy. still 
revealed the intravenous fat pigment. In addition, aggregates of pigment- 
laden macrophages considered to be multinucleated giant cells were seen, 
especially at portal triad areas. Material for biopsy removed from 3. other 
dogs, Nos. 6163 (SR), 8020 (Lipomul 1.V.), 8186 (SR), 300, 300, and 225 
days after the last infusion also demonstrated the residual effeet of the in- 
travenous fat administration. 


DISCUSSION 


A safe and effective intravenous fat emulsion would be a valuable thera- 
peutic aid to anyone unable to take adequate nutrition by the oral route. It 
is obvious from the indication for intravenous fat emulsions that their chief 
use would be in severely debilitated patients who were in need of nutritional 
supplements, fats being used because of their e@reater calorie value per gram 


than either proteins or earbohydrates. These thoughts prompted this study 
of some of the problems that might oceur with the protracted use of intravenous 
fat emulsions. 

Most of the immediate difficulties noted with some of the earlier emulsions 
(i.e, fever, back pain, chills, anxiety, flushing, nausea, and vomiting®*) are 
difficult to quantitate in the experimental animal, and in any ease, seem to 
have been eliminated in the majority of patients with the more refined emulsions 
now available. 

However, other critical toxie manifestations (i.e, anemia,* * hyperlipemia,® * 
serum protein alteration,’ and death’) seen in patients can be produced 
‘or study in the dog by the repeated administration of fat emulsions at levels 
> to + times that elinieally recommended. 

The development of anemia during fat therapy is a disturbing feature, 
nd is a complication that could be ill-afforded by a patient with malnutrition. 
“he decreased red cell count which follows successive infusions has been ob- 
erved in patients and invariably develops in normal dogs infused with 4 to 6 
‘rams of fat per days over long periods. Watkin® reported a fall in red cell 
ount in 5 of 8 patients studied. Artz* reported a fall in hematoerit during 

ie administration of fat emulsion in each of the 22 patients to whom he 
lministered 10 or more infusions of Lipomul I.V. The drop in hematocrit 
ay be due to hemolysis, erythropoietic depression, gastrointestinal bleeding, 
"any combination of these factors. Evidence for hemolysis was first studied by 
and eco-workers'* who measured inereased biliary bilirubin exeretion 
1 dogs on a high fat diet. Later, Swank!’ noted erythroeytie spherocytosis 
uring alimentary lipemia, Hartwig and Cohn‘ found hematocrit increases 
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up to 35 per cent after incubation of dog and human erythrocytes in fat emul- 
sions. Another study implicating hemolysis as a possible factor in the anemia 
was conducted by Creditor’? who found erythroeytes to be more sensitive to 
mechanical agitation in the presence of fat emulsion. One approach to the 
cause of hemolysis may lie in a study of the properties of the emulsifiers and 
stabilizers. The developmental rate of anemia was lower in dogs receiving SR 
fat emulsion than in those receiving Lipomul I.V. Further studies are being 
‘arried out with various emulsifiers to evaluate their role in hemolysis. 

Changes in serum protein patterns also reflected variation in the influence 
of different emulsifiers and stabilizers on biologie systems. Singleton and 
associates'’® found a decrease in serum albumin of 35 to 40 per cent in dogs 
receiving Lipomul 1.V. and 20 to 25 per cent in those animals infused with 
SR fat emulsion. Whenever serum albumin decreased to 40 per cent of its 
original value, as determined electrophoretically, death followed. The decrease 
in concentration of serum albumin was not due entirely to a eorresponding 
drop in total serum protein, but was partially related to the formation of an 
albumin-lipid complex with a changed mobility. The formation of this com- 
plex appeared to be greater with Lipomul I.V. than with the SR emulsion. 

Erythropoietie depression is suggested by the poor reticulocyte response 
which oceurs in dogs which develop a normocytic, normochromie anemia. 

Persistent lipemia has been recognized as an indieation for discontinuation 
of fat emulsion and was found to develop in most of the dogs that eventually 
died during the infusion period. The serum in some of the dogs was so filled 
with fat that it was grossly indistinguishable from the fat emulsion whieh had 
been given the preceding day. Eventually the lipemia persisted for 72 hours 
during which no fats were administered. Once a persistent lipemia was noted 
the animals seemed to pursue a more rapid downhill course. Thus, lipemia 
in a patient on fat therapy should be taken as a sign to discontinue therapy 
rather than run the risk of producing the ‘‘overloading’’? syndrome. This 
seems all the more important in view of the absence of a persistent lipemia 
in all the animals that survived. 


The development and persistence of histologic changes in the liver of the 
dog demonstrate a rapidly appearing and long lasting effeet on the liver. 
Similar changes have been reported and studied in human tissue.** Liver 
biopsies performed as long as 400 days after the last intravenous fat infusion 
still revealed the presence of macrophages and the intravenous fat pigment. 
Impaired liver function has been reported after successive infusions of fat 
emulsions’ but it is not known whether these changes are associated with macro- 


phages and/or pigment deposition. 

The presence of frank ulcers in the stomach or duodenum of one fourth ot 
the animals in the study is interesting in view of the gastrointestinal bleeding 
in patients receiving intravenous fat.» * A study of the effeet of intravenous 
fat emulsions on gastric secretions is now in progress. 

The use of large quantities of intravenous fat provides a tool for the stud) 
in experimental animals of clinical reactions to intravenous fat emulsions 
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The importance of such a tool is underseored by the observation that many of 
the reactions previously observed in-patients, such as anemia,* ° vomiting,* 


lipemia,” * gastrointestinal bleeding, * * and even death,* have been repro- 
duced in the experimental animal. 


CONCLUSIONS 


The effeets of the chronie administration to normal dogs of 2 intravenous 
fat emulsions have been studied. The emulsions were administered in amounts 
3 to 4 times those recommended clinically in order to study the toxic effects 
of intravenous fat emulsions. 

The following reactions, previously reported in humans receiving intra- 
venous fat emulsions, occurred in the experimental animals: lethargy, vomiting, 
persistent lipemia, anemia, gastrointestinal bleeding, abnormal liver function, 
and deposition of intravenous fat pigment. 


Peptic ulcers were found in either the stomaeh or duodenum of 24 per 
eent of the dogs which received intravenous fat emulsions. 

SR emulsion was administered to normal dogs without lethal results at a 
40 ml. per kilogram dosage, whereas Lipomul L.V. was consistently fatal when 
the dosage was greater than 30 ml. per kilogram. 
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STUDIES IN IRON ABSORPTION 
I. 


DETERMINATION IN Rats BY MEASUREMENT OF ToraL Bopy Rapioactiviry* 
MicnarL Fretp, M.D.,** Masarumi Seki, M.D., Marvin L. M.D., 
AND Thomas M.D. 

Boston, Mass. 


N” ONE of the methods currently in use for measuring iron absorption is 
entirely satisfactory. Determination of absorption by measuring feeal ex- 
eretion of an oral dose of radioactive iron is cumbersome and subjeet to error 
in both the collecting and aliquoting of stools. 


Determining absorption from 
the fraction of an oral dose of radioactive iron incorporated into the red blood 


cells is unreliable beeause it depends upon a correct estimation of total blood 


volume and beeause an unknown fraction of the absorbed dose is deposited in 
the tissues. 


Sinee Fe’ 


is a strong gamma ray emitter, the absorption of orally ad- 
ministered Fe’ 


ean be conveniently measured by counting total body radio- 
activity. The application of this principle in rats is described in this article. 


METHOD 
A. Description.—The total body radioactivity in the rat is measured within a few hours 
after administration of an oral dose of radioiron, before any radioactivity has been excreted. 
Four to 7 days later, after sufficient time has elapsed for the unabsorbed part of the dose 


to be fully excreted, the total body radioactivity is measured again. After correcting for 


the physieal decay of the isotope, the per cent absorbed is calculated from the ratio of the 
final to the initial count. 

One milliliter of a solution which contains 10 to 20 we of Fe5* as ferrous citrate and 
1.1 to 0.3 mg. per kilogramt earrier iron in the ferrous form (adjusted to pH 4) is ad- 
ministered through a gastric tube; care is taken not to inject the solution into a bronchus. 
Within a few hours the rat is immobilized in a tight-fitting container to avoid counting rate 
ariability caused by changes in body position. Cylindrie specimen containers of various 
sizes have been used for part of this study. For rats of a uniform size, a special Lucite 
older lias been designed (Fig. 1). Total body radioactivity is then measured with the 
mg axis of the rat aligned before a directional scintillation probe collimated with a 10- 


uch-long barrel which is insulated by a %-ineh-thick lead wall. The barrel gradually tapers 


rom a 3% inch diameter at its open end down to a 1 by 1 inch Nal thallium-activated crystal. 


From the Medical Services of the Lemuel Shattuck Hospital, and from the Departments 
{ Medicine of Harvard University and Boston University Medical Schools, Boston, Mass. 
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*The data in this paper have been published in abstract form in Clinical Research Pro- 
edings 7: 200, 1959. 
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rried out. 

+Subsequent studies have revealed that greater reproducibility of results can be attained 
_a carrier dose of 2.5 mg per kilogram is employed, and there is apparently no resultant loss 
f sensitivity. 
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The number of counts per minute is recorded first with the tail and then with the lead 


toward the probe, after which the counts are averaged. For the initial count, 2 minutes in 
each direction will usually suffiee; the final count may require more time if the counting 
rate is low. A rat containing 1 we of Fe" and placed in the Lucite holder will record ap 


proximately 340 net counts per minute above a background of 100 e¢.p.m, 


Fig. 1 tat holder in counting position. The rat is placed head first in the Lucite 
holder after the rear piece has been removed. When the rear piece is replaced, the rat’s tail 
extends through the slit in the rear piece and is secured to the outside of the holder with a 
rubber band. There is a knob on top of the rear piece for adjusting it to fit a rat of any siz 
The inside of the holder is cone-shaped to hold the rat firmly in place Under the rat is 4 
pivot which allows the holder to be rotated, and on this is a wing bolt and a sliding track 
for adjusting the position of the holder so that the head and tail of either a large or a small 
rat will be approximately the same distance from the end of the barrel of the scintillation 
probe. The wing bolt also allows removal of the holder and will adjust to holders of different 
sizes. The arm extending off the bottom of the figure holds a plastic dish for collection of an) 
urine that may be spilled (The holder was manufactured by Laboratory Associates, Inc., Bel 
mont, Mass. ) 


B. Reproducibility and Keliability.—The intluence of the counting error on the ealeu 
lated per cent of absorption was determined in 16 rats. Within 2 hours after an oral dos: 
of Feo? was given, each rat was counted once, removed from the holder for 80 minutes to 
hour, and counted again. Duplicate counts were repeated 1 week later. Two separate pe! 
cents of absorption were caleulated for each rat, one figure derived from the ratio of th 
first counts on each occasion and the other figure from the ratio of the seeond counts 
Absorptions varying from 3.7 to 71.3 per cent had a mean deviation of 4.4 + 1.0 per cer 
(+ 1 C.V.; expressed as a per cent of the per cent absorbed ). 

Reproducibility will depend upon having somewhat similar counts when the head an 
tail of the rat are toward the counter, That adjustment of the position of the holder ¢: 
minimize these differences is indieated by the following data. When 24 rats weighing appro 
mately 400 grams were each given 10 we of Fe5® by stomach tube and the 2 minute fore a 
aft counts were averaged, the mean of the mean counts was 2,881 + 96 (+ 1 8.D.). Wh: 
the differences were averaged without regard to direction, the mean difference between fo: 
and aft counts was 460 + 289 (+ 18.D.), or 16 +10 per cent. With regard to sign, the me: 
difference between counts was —24 + 112 (+ 1 S.E.), indicating no significant difference 


direction between the fore and aft counts. 
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After 1 week the same rats averaged 359 e.p.m. above background and the mean differ 
ence between fore and aft counts was 18 + 13 (+ 1.8.D.), or 5 + 3.6 per cent (+ 1 C.YV.). 
This time the head counts were significantly higher than the tail counts, the mean difference 
being + 11+ 4 (+ 1S.E.). Thus, although the head and tail initial counts may vary by as 
much as 30 per cent, there is no directional trend, indicating that the differences probably 
enxused by position of the stomach are cancelled out by counting from both the front and 
the rear. After 7 days the maximum variation is 12 per cent, but the head counts are sig 
nificantly higher, probably a reflection of the distribution of blood within the body. Again, 
averaging the two minimizes the error. 

The initial counts in this series also indicate that with the same dose administered 
there is a variation from rat to rat of 3 per cent (1 C.V.), a combination of the error of 
aliquoting and variations in the size of the rats, in addition to counting error, If the rats 
are of uniform size the initial eount may be omitted and the tinal count related to a standard, 


but then the aliquoting error will increase in importance, 


6 HYPOPHYSECTOMIZED RATS GIVEN ANTERIOR 
| PITUITARY EXTRACT 


: 6 UNTREATED HYPOPHYSECTOMIZED RATS 
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Changes in total body radioactivity (expressed as per cent of initial count) after a 
single oral dose of Fe 


Reliability of the method depends upon the rate of exeretion of both nonabsorbed 
nd absorbed radioiron, To determine this rate, twelve 200) gram hypophysectomized male 
Sprague-Dawley rats, 6 of which had been injected with anterior pituitary extract daily 
or the previous 10 days, were given Fee with a 50 meg. earrier dose of ferrous ion, and 
ital body counts were recorded daily for 1 week and at periodic intervals thereafter, 

The biologie decay curve for total body radioactivity shows an initial period of rapid 
‘cline which represents the exeretion of nonabsorbed radioiron, A subsequent period of 
ww deeline (1.10 + 0.32 per cent [+ 1 8.1D.] of the amount present in hypophysectomized rats) 
obably represents the exeretion of absorbed radioiron.t Therefore, the exact time chosen 
i the final count is not critical, so long as sufficient time has been allowed for excretion of 

nabsorbed radioiron. Although a plateau was reached by the end of 4 days in all of the 
ts, feeal excretion may have been accelerated by the stress of daily body counting, and it 


probably safer to employ a 6 or 7 day interval. The fact that a plateau is reached in 2 


*Hypophysectomized rats were used in this experiment in order to eliminate changes in 
tal body count resulting from increasing body size, 

+The long-term excretion of absorbed radioiron in normal rats was not measured in this 
idy. Stevens and co-workers! and Chapelle and associates? found an average daily iron 
cretion in normal mice of approximately 0.5 or 3.5 per cent per week, 
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to 4 days and that absorption at 7 days may be under 5 per cent (Fig. 2) indicates that 
coprophagy is an unimportant factor in the measurement of iron absorption when rats are 
kept in cages with wire net floors. 

The existence of an almost negligible weekly excretion of radioiron after the first week 


(Fig. 2) makes it possible to perform repeated absorption studies with the same animals. A 


baseline body count is taken prior to administration of a new dose of radioiron. This value 
ean then be subtracted from both the initial and final counts, because the level of residual 
radioactivity does not change appreciably in the time interval required for the new deter- 
mination. 


C. Comparison of Three Methods for Measurement of Tron Absorption.—After a single 
oral dose of Fe, absorption was measured in each of 18 rats by determining the radio 
activity of the whole body, stools, and red blood cells, 


One milliliter solutions which contained 10 to 15 ue of Fe5® as ferrous citrate and a 
earrier dose of 0.1 mg. of ferrous ion (as FeSO, 711.0) were administered through gastric 


tubes to eighteen 850 to 450 gram male Sprague-Dawley rats. Absorption was determined 
from initial and 7 day body counts. 


TABLE I. COMPARISON OF THREE METHODS FOR MEASUREMENT OF TRON ABSORPTION 
(RaTS ARRANGED IN ORDER OF DECREASING ABSORPTION AS DETERMINED BY 
ToTaAL Bopy COUNTING) 


IV 
R.B.C. UTILIZA- 
III | TION + % AB- 
I II | © ADMINIS- | SORBED AS DETER- 
(> ABSORBED | ABSORBED TERED DOSE | MINED BY TOTAL 
AS DETERMINED | AS DETERMINED |) INCORPORATED BODY COUNTING 
RAT BY TOTAL BODY BY STOOL INTO CIRCU (COLUMN IIL + 
NO, CONDITION COUNTING } COUNTING LATING R.B.C.* COLUMN T) 
I Blood loss, anemia 69.3 58.6 73.5 1.06 
2 Blood loss, anemia $1.1 D114 51.8 1.01 
3 Blood loss, anemia 31.9 24.8 33.1 1.04 
4 Blood loss, anemia 16.8 10.7 21.4 1.27 
| Normal 7.6 10.7 6.4 0.84 
6 Normal 14.5 6.5 0.96 
Normal 4.4 1.8 2.8 0.64 
S Tron loaded 4.0 0.6 is 0.45 
9 Tron loaded 3.9 6.9 3.0 0.77 
10 Normal 3.6 4.3 2.8 0.78 
11 Normal 3.1 0.2 1.4 0.45 
12 Normal 3.0 0.6 2.3 0.77 
13 Normal 2.9 3.8 os 0.86 
14 Tron loaded 23 3.5 1.9 0.83 
15 Tron loaded fe 9.9 1.2 0.92 
16 Iron loaded 1.2 2.0 OS 0.67 
17 Tron loaded 0.5 2.8 0.4 0.80 
18 Tron loaded 05 33 0.4 O.S0 
*Calculated on the basis of a total blood volume of 5.1 per cent of body weight (in 


grams).* 


One week stool collections from each rat were individually digested in concentrated 
sulphuric acid for 2 to 3 weeks. When indicated, stool digestion was accelerated by genth 
heating and addition of 30 per cent hydrogen peroxide. In several instances the stoo 
digestion mixtures were filtered over glass wool to attain a more suitable degree of homo 
geneity. The residue on the glass wool was washed with concentrated sulphuric acid an 
then with water. The washings were added to the original filtrates. Radioactivity of th 
residue on the glass wool was measured, and in no instance was it greater than 0.5 per cen 
of the administered dose. The radioactivity of weighed aliquots from the stool homogenate 
was measured in a conventional well-type scintillation deteetor. Two aliquots were take 
from each homogenate, with an aliquote variation of 3.3 + 2.9 per cent (+ 1 C.V.). 
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After the final body count, each rat was anesthetized with ether, an abdominal incision 
was made, and blood was drawn into a heparinized syringe from the inferior vena cava. 
The radioactivity in 2 ml. blood samples was determined with the well-type scintillation 
deteetor. Total blood radioactivity was caleulated on the basis of an assumed blood volume 
of 5.1 per cent of body weight (after Plzak and co-workers? ). 

In Table I the rats are listed in order from highest to lowest per cent of iron absorbed, 
as determined by total body counting. Three groups of rats are ineluded: 4 rats made 
anemic by repeated bleedings, 7 normal rats, and 7 rats which had been fed diets supple 
mented with 6 per cent ferric citrate for 5 to 10 weeks. 

All 3 methods of measurement bring out the difference in absorption between the 
anemic rats and the other 2 groups. A significant difference between the normal and the iron 
loaded rats, however, is brought out by the measurements of total body and red cell radio- 
activity, but not by measurements of stool radioactivity (Table TL) 

Figures for the per cent of the administered dose incorporated into circulating red 
cells correlate fairly closely with the figures for absorption determined by total body ecount- 
ing exeept in two instances (Rats 8 and 11). The per cent of the administered dose in 
corporated into red'cells may be divided by the per cent absorbed, as measured by total body 
counting, to determine the fraetion of the absorbed dose which enters into red cell formation. 
This fraction is significantly higher (p< 0.001) in the iron-deficient group (1.160 6.19, 


+ 1S.D.) than it is in either the normal (0.76 + 0.16) or iron loaded group (0.75 + 0.15). 


TABLE IT. DIFFERENCE IN TRON ABSORPTION BETWEEN TRON LOADED AND NORMAL RATS 
AS DETERMINED BY 3 METHODS 


% ABSORBED AS % ABSORBED AS R.B.C. UTILIZATION 
DETERMINED BY DETERMINED BY OF ADMINISTERED 
TOTAL BODY COUNTING | STOOL COUNTING DOSE 
IRON IRON | IRON 
NORMAI LOADED NORMAT LOADED NORMAL LOADED 
Number of rats 7 7 7 7 
Mean absorbed 4.34 1.96 5.07 3.40 
S. E. of mean 0.66 0.57 2.07 6 0.69 
T (difference 
S.E. of difference ) 


p < 0.02 


DISCUSSION 
Several methods of measurement have been employed in iron absorption 
studies. Prior to the introduetion of radioisotope tracers into biologie research, 
absorption was measured by long-term iron balanee studies. Although time 
consuming and diffieult to perform accurately, these long-term studies had the 
advantage of measuring absorption of repeated doses of iron given over an ex- 


tended period of time. Methods now in use are less representative because they 


measure absorption of only one dose of iron given at one particular moment. 

Postabsorption serum iron curves are not satisfactory reflections of iron 
ibsorption. Changes in the serum iron level are partly determined by the rate at 
vhich iron is released from intestinal mucosal cells into the blood stream and 
partly by the rate at which iron passes from the serum to other tissues. This 
rocess may vary independently of the rate at which iron enters mucosal cells 
‘rom the intestinal lumen. 

Two methods which are commonly used for the measurement of iron ab- 
sorption have been compared to the technique of total body counting with 
egard to accuracy and reliability. Measurement of fecal excretion of radioiron 
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was found to be less accurate than total body counting at low, but physiologie, 
levels of absorption (Table IL). When iron absorption is low, a small error in the 
measurement of the excretion results in a large error in the ealeulated absorp- 
tion. For example, if the true exeretion of an oral dose is assumed to be 95 
per cent with a 5 per eent error in the determination, then the measured per 
cent absorbed will vary from 0 to 10 pér cent, which obviates any comparisons 
at such low levels of absorption. When absorption is measured directly by 
total body counting, a 5 per cent error in the measurement of a true absorption 
of 5 per cent would result in a value ranging between 4.5 and 5.5 per cent. 
Body counting is also likely to be more aeceurate than stool counting, even at 
higher levels of absorption, beeause it eliminates the error in administering the 
dose and in colleeting and aliquoting stools. 

Red cell utilization of an oral dose of radioiron depends upon both the 
per cent of the administered dose absorbed and the per cent of the absorbed 
dose incorporated into cireulating red cells. Therefore, measurements of red 
cell radioactivity cannot be aceepted as reliable estimates of iron absorption 
under varying physiologic conditions unless reasonable assurance is offered that 
the fraction of absorbed iron incorporated into red cells is constant for the 
different conditions under study. Laek of such assurance constitutes the prin- 
cipal objection to red cell utilization as a measure of absorption. 

The fraction of absorbed iron ineorporated into red cells is signifieantly 
higher in rats with anemia caused by iron deficieney than it is in normal rats 
(Table 1). Although no difference in this fraetion between normal and iron 
loaded rats was demonstrated in this study, depressed utilization of absorbed 
iron in the presence of excess iron stores has been noted by Dubaeh 
and associates’ found the red eell utilization of intravenously injected radio- 
iron to vary considerably under different hematologie conditions. Variations 
in the red cell utilization of absorbed radioiron have not been adequately studied, 
probably because there has been no sufficiently accurate method for measuring 
absorption. 

Saylor and Finch® have used a double isotope technique to eontrol this 
variable by determining the red cell utilization of an intravenous dose of radio- 
iron with the assumption that utilization of a simultaneously absorbed oral dose 
will be the same. However, the assumption that there is equivalent red cell 
utilization of radioiron, whether it is given by the oral or intravenous route, 
needs to be substantiated. 

Total body counting appears to be the best available method for the 
measurement of the absorption of single doses of radioiron, but the teehnique 
has been applied only to rats. Preliminary studies are underway to determine 
the feasibility of measuring iron absorption in humans by a previously described 
technique of total body counting.’ 


SUMMARY 


1. Iron absorption can be measured in the rat by counting total body radio- 
activity immediately after administration of radioiron and 4 to 7 days later. 
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The second figure divided by the first figure, multiplied by 100, with correction 
for the physical deeay of the isotope, represents the per cent absorbed. 


2. When absorption is measured by utilizing a tight-fitting rat holder and 
a directional scintillation probe, the mean error in duplicate determinations. is 


4.4 per cent at absorptions between 3.7 and 71 per cent. The importance as a 
source of error of differences in the distribution of Fe’ within the rat is 
minimized by counting cach rat from the front and rear, and averaging the 
results. 


4. In a series of 16 rats, full exeretion of the nonabsorbed radioiron had 
oceurred by the end of 6 days in every instanee. Continued exerction of the 
absorbed radioiron proved to be gradual, occurring at the rate of 1.1 per eent 
per week in hypophysectomized rats. 

4. Iron absorption was measured in iron-deficient, normal, and iron loaded 
rats by total body counting, stool counting, and red cell counting. Greater 
than normal efficiency of absorption was demonstrated in anemic rats by all 3 
methods, whereas less than normal efficiency of absorption was demonstrated in 
rats with inereased iron stores by total body and red cell counts, but not by 
stool counting. 

» The fraction of absorbed iron incorporated into cireulating red cells by 
the end of a week was significantly greater in iron-deficient than in normal or 
iron loaded rats. No difference in this fraetion between the latter 2 groups 
was found. 
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A STUDY OF THE CARRIER STATE FOR PLASMA THROMBOPLASTIN 
COMPONENT (PTC, CHRISTMAS FACTOR) DEFICIENCY, UTILIZING 
A NEW ASSAY PROCEDURE 
M. Barrow, M.A.. Wittiam R. BuLLock, M.D., 

AND Joun B. Granam, M.D. 

N.C. 


HE diagnosis and treatment of plasma thromboplastin component (PTC) 
deiicieney as been greatly facilitated by the use of such newer blood coagula- 
tion methods as the thromboplastin generation test! and the partial thromboplas- 


tin time test. These tests are qualitative, however, and the accurate quantitative 
measurement of PTC has been a serious problem. Prior to the development in 
our laboratory of the PTC assay,* the method most widely employed had been 
the corrective effect of dilutions of serum in the thromboplastin generation test.' 
While it is true that serum deficient in PTC will not ‘‘ generate thromboplastin”’ 
normally, this is also true of serum deficient in Stuart factor... Therefore, direct 
inferenees from the per cent thromboplastin generated to per cent PTC present 
must be viewed with skepticism. 

We shall deseribe in detail an assay procedure in which all factors, with 
the exception of PTC, are present in adequate amounts. The method is, for 
this reason, specific and reasonably accurate. The systematic applieation of this 
procedure to a study of the carrier state for PTC deficieney constitutes the body 
of this article. 


MATERIALS 


Imidazole buffer was prepared by dissolving 1.72 Gm. of imidazole, C.P., in 90 ml. of 
0.1IN hydrochloric acid. The pll was adjusted to 7.2, and the volume was brought to 100 ml. 
with distilled water. 


Buffered sodium citrate was prepared by dissolving 3.2 Gm. of trisodium citrate in 
imidazole buffer; the volume was brought to 100 ml. with the buffer. Unbuffered sodium 
citrate solution was prepared by dissolving 3.2 Gm. of trisodium citrate in distilled water; 
the volume was brought to 100 ml. 


Buffered citrated saline was prepared by mixing 100 ml. of 0.9 per eent sodium chloride, 
100 ml. 1.72 per cent imidazole buffer, pH 7.2, and 40 ml. 3.2 per cent trisodium citrate 
solution. 


Cephalin was prepared as described by Rodman and co-workers.2. The 0.3 per cent 
saline suspension was used for the partial thromboplastin time tests and the 0.015 per cent 
suspension was used for the PTC assay. 


Calcium chloride, 0.02M, was prepared for use in the partial thromboplastin time test. 


From the Department of Pathology, the University of North Carolina School of Medicine 
Chapel Hill, N. C. 
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Calcium solution for use in the PTC assay was prepared by mixing 70 ml. of 1.2 per 
cent ecaleium chloride, 60 ml. of imidazole buffer, pH 7.2, and 50 ml. of 0.9 per cent sodium 
chloride. 


Control Plasmas.—Blood was drawn by the 2 syringe technique from 89 female students 
of nursing ranging in age from 17 to 24 years. Eight volumes of blood were mixed with 1 
volume of buffered sodium citrate. After centrifugation at 3,200 ¢ for 15 minutes, plasma 
was withdrawn and divided into 2 portions. A 2 ml. aliquot was lyophilized immediately. 
The remainder was frozen and stored for several days at -20° C. After all 89 plasmas had 
heen obtained, the individually frozen samples were thawed, pooled, and Ivophilized. This 
pooled, freeze-dried plasma was used as the control for all PTC assays. The individually 
lvophilized plasmas of the normal girls formed the normal control population, and each was 
assayed separately, Sixty-one of the samples were reassayed 2 months later, the other 28 
samples having been exhausted. The normal population used for statistical purposes in 
defining the normal range for PTC consisted of the average of the 2 values on each of the 61 
girls on whom 2 PTC assays had been done. 


Test Plasmas.—One of us (W. R. B.) visited the homes of the men with PTC deficieney 
to collect blood for testing. Blood was drawn from affeeted males and their mothers by the 
2 syringe technique. Eight volumes of blood were placed in a conical centrifuge tube which 
contained 1 volume of buffered citrate solution. Plasma was prepared by centrifugation at 
8,200 g, was withdrawn, quickly frozen at -70° C., and brought to the laboratory. A partial 
thromboplastin time was performed on a sample of thawed plasma from each of the sons. 
The remainder of the plasma from each male and all of the plasma from his mother was 
shell-frozen and lyophilized. PTC assays were performed at a later time on reeonstituted 
lyophilized plasma from each mother and each son, All blood samples for the study were 
obtained during a period of 2 months. 


PTC Deficient Substrate—Lyophilized plasma was prepared from a patient (J. J. T.) 
with severe PTC deficiency who had been previously studied in our laboratory.2 His dried 
plasma was reconstituted as needed and was diluted immediately before use with an equal 
quantity of fresh barium sulfate adsorbed canine plasma; thus, adequate amounts of anti- 
hemophilie factor (AHF), factor V, and Hageman factor were supplied. 


Reconstituted Plasma.—All lyophilized plasmas (test, normal, pooled control, and sub- 


strate) were reconstituted with imidazole buffer and brought to the original plasma volume. 


BaSO, adsorbed canine plasma was prepared by mixing 100 mg. of BaSo, powder* 
with each milliliter of oxalated eanine plasma. The plasmas were adsorbed for 30 minutes 
at 5° with frequent. stirring. The BaSO, was removed by centrifugation the 
Supernatant plasma was used in the assay after it was ascertained that no elot formed in 
10 minutes in the standard prothrombin time test. 


METILODS 


The partial thromboplastin time test of Langdell and associates® as deseribed by 
Rodman and co-workers? was performed on plasmas from the 17 sons. Testing was done 
‘ither on plasmas freshly prepared in the laboratory, or on plasmas whieh had been brought 
'o the laboratory in the frozen state, and had then been thawed. 

The PTC assay is an adaptation of the AILF assay described by Langdell and asso- 
lates.6 The PTC activity is expressed as per cent of control by comparing the effectiveness 
‘f control and unknown plasmas in correcting a plasma known to be deficient only in PTC. 
"he assay is performed as follows: 

All reagents are kept in a water bath at 28° C. during testing. (The PTC-deficient 
ubstrate may be kept at 0° C. as in the AHF assay, but this does not appear to be as 


rucial.) One per cent, 2.5, 5, 10, and 20 per cent concentrations of control plasma are pre- 


ared with buffered citrated saline. Only 3 coneentrations of test plasma are made. (The 


*Merck & Co., Inc., Rahway, N. J. 
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choice of dilutions of test plasma depends upon the value expected from a preliminary partial 
thromboplastin time test on the unknown plasmas.) Each diluted plasma sample is tested 
by mixing the reagents in the following order: 0.1 ml. PTC substrate, 0.1 ml. diluted con- 
trol or test plasma, 0.1 ml, 0.015 per cent cephalin suspension, and 0.1 ml, caleium-imidazole- 


saline solution. 


KINDREDS WITH MEMBERS DEFICIENT IN PT.C. 


Family | Family 2 Family 3 


Family 9 Family 10 


a = PTC. deficiency, confirmed 
in our laboratory 


Z-= Atfected, by history 
| (©) Mother of known PTC 


deficient son 


Fig. 1.—Partial pedigree charts of the 10 families selected for study. Some families 
contain only 1 affected male while others have 2 or more. Families 7, 3, 4, 5, 8, and 9 contain 
additional affected males not included in our investigation. Son number 6a died from hemor- 
rhage after the completion of the study. 


A stop watch is started with the addition of the calcium solution, and the clotting time 
for each dilution is recorded. As many as 6 assays may be run simultaneously, 5 unknowns 
and 1 control. The dilutions are tested in order (i.e., all of the 20 per cent plasmas in the 
test block, then the 10 per cent plasmas, ete.). The procedure is repeated in the same order 
after about 45 minutes so that duplicate determinations are available on each dilution of each 
plasma. The duplicate clotting times at each dilution are averaged and plotted against the 
logarithm of plasma concentration, using 2 cycle, semilogarithmic paper. The best fitting 
parallel straight lines are fitted to the values for the unknown and the control, and the eon- 


centration of test plasma with respect to control plasma is determined by interpolation as in 


+ 3* ++ +5e 
BO O OO O 
ap + 30,4 6a 
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the AHF assay. Over the concentration range used, there is usually less variation about the 
lines plotted than in the ATIF assay. 


RESULTS 


The PTC assay has been applied systematically in a study of the earrier 
state in PTC deficiency. The family information on whieh this project 
depended (Fig. 1) was obtained by elinical and laboratory investigation of 13 
mothers and 17 of their affeeted sons in 10 families with PTC defieieney. More 
extensive investigation of these families than is shown in Fig. 1 did not uneover 
any relationship between the families. 


Variation in PTC Levels in a Normal Population—The PTC assay pro- 
eedure was used to define the range of PTC levels in normal women, a necessary 
step prior to any decision about the effeet of the abnormal PTC gene in carriers. 


10 4 
VA, = Control 


= Mothers 


@ 


NUMBER OF PERSONS 
i 


20 40 60 80 100 120 


PTC,% OF POOLED CONTROL 


Fig. 2.—A frequeney distribution of the control population of 61 student nurses and the 
experimental population of 13 mothers whose sons have PTC deficiency. The number of per- 
sons with each increment of 10 per cent in PTC is charted on the ordinate. The PTC levels 
in increments of 10 per cent of the pooled control are plotted on the abscissa. 


160 180 


Table I contains the actual PTC values of the normal women and the statistics 
which deseribe the normal population. The frequency distribution of the pop- 
ulation shown in Fig. 2 appears to be roughly gaussian. The mean PTC level 
expected in the normal population was 100 per cent because of the nature of the 
control. The mean PTC level observed was 93 per cent of this pooled control. 

Variation in Severity of PTC Deficiency in Affected Sons.—The partial 
thromboplastin times, the levels of PTC, and the clinical severity of each affected 
son are recorded in Table Il. A wide range of coagulation defects and symptoms 
is apparent. It should be noted that there is a fairly good correlation between 
prolongation of the partial thromboplastin time, reduction in PTC, and clinical 
severity. 
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Comparison of PTC Levels in Carriers and Normal Controls.—The PTC 
levels of the earriers which are recorded in the third column of Table I 
are shown also as a frequeney distribution in Fig. 2. The group mean for the 
carriers was 67 per cent, and they appear to form a bimodal distribution. The 
mean PTC level of the carrier population was found to be significantly lower 
than the mean PTC level of the control population by a ‘‘t’’ test. The value for 
“t?? assuming the null hypothesis, was 3.19. With 72 degrees of freedom, a value 
this large would be expected less than 1 per cent of the time by chance alone if 
the 2 populations were actually subsamples of the same larger population. 


TABLE I 


PTC LEVELS OF 61 NORMAL YOUNG WOMEN 
171 110 95 8- rg! 
16 110 94 69 
165 110 93 68 
138 109 93 65 
135 107 91 78 64 
132 107 91 7 61 
131 107 90 78 61 
126 106 90 77 60 
116 105 SY 3 58 
115 100 88 57 
114 Q7 g 56 
112 S4 56 
55 


These values were obtained by averaging duplicate determinations of PTC obtained 2 


months apart on the same samples of lyophilized plasma. A pooled plasma from the group 
was the 100 per cent standard. The expected mean for this group was, therefore, 100) per 
cent. The observed (calculated) mean was 93 per cent with 95 per cent fiducial limits of 
S86 to 100 per cent. Standard deviation was 27 per cent and standard error was 3.5 per cent. 

Laboratory Diagnosis of the Carrier State.—Usine the statistics derived 
from the normal population (Table 1) a diseriminant ean be devised for de- 
tection of an abnormally low PTC value in a woman suspected of being a carrier 
for PTC deficieney. The discriminant can be set at the 95 per cent confidence 
point by subtracting 2 standard deviations from the mean of the control pop- 
ulation, ie., 98 —54 39 per cent. Thus any woman with a PTC level lower 
than 39 per cent is highly suspect. The utility of the discriminant ean be 
observed by noting that 3 of the known earriers in Table Il were exaetly 39 
per cent or lower; it should also be observed that the other 10 mothers had values 
higher than 39 per cent. 


Clinical Symptoms in Carriers._-The mothers were queried closely to deter- 
mine the extent of a bleeding tendency, because it has been generally believed 
that carriers for PTC deficiency bleed excessively. We found that not one had 
sought medical help for treatment of hemorrhage or for diagnosis of a ecoagula- 
tion defect. They were known to be carriers only because they had had affected 
sons. The ordinary occasions when these women might have been expected to 
hemorrhage were collated and are shown in Table III]. With the one exception 
noted, no mother had required transfusions to stanch excessive bleeding in spite 
of PTC levels as low as 29 per cent. 

Inheritance of Severity of PTC Deficiency.—The relationship between the 
PTC level of a mother and the PTC level of her affected son (or sons) is plotted 
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in Fig. 3. The chart is divided into 4 cells (A, B, C, and D) by the inter- 
section of the vertical and horizontal broken lines. The vertical line at 67 per 
cent represents the mean PTC for the group of women, a value which divides 
them equally into high and low groups. The horizontal line at 5 per cent repre- 
sents the lower limit of accurate measurement for the assay procedure. The 
more seriously affected sons have levels of PTC which are less than 5 per eent 
but are not measurable with any accuracy. (It can be seen very elearly in Table 
I] that the partial thromboplastin time is a better index of clinieal severity than 
the PTC assay when the PTC level is less than 5 per cent.) 

If the PTC level of a mother were unrelated to that of her son, an equal 
number of sons with PTC levels greater than 5 per cent would be expected to 
fall in cells .t and BL, and an equal number of sons with PTC levels less than 5 


TABLE II 
SONS 
PARTIAL 
THROMBO- 
PLASTIN TIME 


MOTILERS 


( SECONDS ) PTC, % 
FAMILY MOTHER ia SON PATIENT POOLED CLINICAL 
NO. NO. (%) NO. INITIALS CONTROL CONTROL SEVERITY ¢ 
ST la H.W. 238/78 <5 Moderate 
l Ib W. IS9/S81 10 Mild 
92 Za M. F. 132/73 Mild 
2 95 on W.8. 284/90 < Severe 
» } 60 tat W. B. 638/82 <2 Severe 
4 60 th D. B. 411/89 <5 Severe 
3 i) da 218/82 < Severe 
3 6 o4 Had C. M. 330/90 <5 Severe 
} 7 60 7a 126/75 8 Moderate 
5 109 Sa 84/70 5Y Mild 
5 109 =| 8b 118/70 33 Mild 
6 9 39 9a H. A. P56/105 <5 Moderate 
7 10 29 10a 450/83 <5 Severe 
1] 35 lla 167/77 < Moderate 
11 35 lib 155/77 < Moderate 
9 12 68 12a E. L 123/70 5 Mild 
10 13 96 Ida AS. 170/81 9 Moderate 


The laboratory results on the 13 carrier mothers and 17 affected sons from 10 families 
segregating for PTC deficiency. The numbers refer to families and individuals shown in the 
pedigree charts of Fig. 1. The mothers’ PTC levels ranged from 29 to 109 per cent with a 
mean of 67 per cent, 95 per cent fiducial limits of 83 and 51 per cent, standard deviation of 
26 per cent, and standard error of 7.2 per cent. 

*Average of 2 determinations on lyophilized sample. Lyophilized pooled control == 100 
per cent. 


+A male who reported apparently spontaneous hemarthroses was scored clinically as 
severe; one who reported hemarthroses only after obvious and severe trauma was _ scored 
moderate; one who reported never having hemarthroses despite athletic activity was scored 


mild. 


tDeveloped circulating anticoagulant after transfusion on 3 separate occasions.2. This 
study performed during remission. 
§$Died after study was completed. 


TABLE III. AMOUNT OF PHYSICAL TRAUMA OF SIMILAR TYPE EXPERIENCED BY 13 
HeETEROZYGOUS MOTHERS 


CHILDREN MAJOR OPERATIONS TEETH EXTRACTED 


TRANSFUSIONS 


( NO.) (NO. ) (NO. ) (NO. ) 


198 


53 11 

Only Mother 9 (Family 6) had transfusions. She had been given 4 units of whole blood 

on 1 occasion, during and after a radical mastectomy. . 
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per cent would be found in cells C and D. This proved not to be the ease as 
shown in Fig. 3.) Rather, the points are concentrated in cells Band C. Only 1 
mother of 7 with a PTC level less than 67 per cent had a son with more than 5 
per cent PTC, while the 6 other mothers had & sons with PTC levels less than 5 
per cent. From the group of 6 carriers with PTC levels greater than 67 per cent, 
6 of S sons had levels of PTC greater than 5 per cent whereas 2 had levels of 
PTC less than 5 per cent. These findings were tested by a heterogeneity chi 
square to determine the significance of the distortion from a random distribution 
using the Yates correction for continuity. Chi square was 6.98 which, with 1 
degree of freedom, means that distortion of this degree would be expected less 
than 1 per cent of the time by chance alone. 


CORRELATION OF PTC LEVELS 
60 OF PTC DEFICIENT MEN WITH 
THOSE OF THEIR MOTHERS 
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Fig. 3.—A plot of the level of PTC of each mother against that of her affected son (or: 
sons). Kach point represents a mother-son combination. The vertical broken line divides the 
earriers into those below and above the observed mean for mothers (67 per cent). The s 
are divided by the horizontal broken line into those with PTC levels greater than, or 
than, 5 per cent. The chart is divided by the intersection of the vertical and horizontal lin¢ 
into 4 cells labeled A, B, C, and DPD. The significance of this distribution is discussed in th» 
text 


DISCUSSION 

The assay which we have deseribed appears to be a reliable procedure fo: 
the determination of plasma PTC levels. It is essential that a suitable contre 
he established before the assay is used as a regular laboratory proeedure. Sine 
we have shown that there is a wide variation in a normal population, it is recon 
mended that a pooled control be used as the 100 per cent standard. Lyophiliz: 
tion will provide a control suitable for periods up to 1 year, particularly if th 
dried plasma is stored at —20° C. or lower.?. We have observed a consistent los 
of about 20 per cent PTC as a result of lyophilization. 
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Some of the fundamental genetic aspects of PTC deficiency have been 
illuminated by the application of this assay procedure. 

1. The carrier state in PTC deficiency has been investigated several times®" 
since the disease was first reported.'*' Previous studies of families with affected 
members have shown that the defect is transmitted as a sex-linked  reces- 
sive. * 771" Tt has been suggested that PTC deficiency is not as completely 
recessive as hemophilia because several women, who are transmitters, have been 
reported to have abnormal clotting tests. % Our study clearly shows 
that the PTC level of heterozygotes ads ad group ts lower than that of normal 
women. This means that heterozygosity docs have an effeet on PTC level, and 
that the abnormal gene must be considered not completely recessive. Further- 
more, approximately 1 transmitter in 4 was found to have a PTC level low 
enough for her to be scored as abnormal with confidence. Nevertheless, the creat 
majority do not clearly have abnormally low PTC levels. 

2. Regarding the question of a significant hemorrhagie tendeney in women 
who are earriers, our data show that they withstand considerable trauma without 
difficulty. This raises a question for which we have no facile answer. Why does 
a heterozygous woman with a PTC level of 29 per cent not bleed abnormally, 
whereas hemizygous boys with 388 and 59 per eent PTC levels bleed sufficiently 
to bring them to our laboratory?) The absence of a hemorrhagie tendeney in the 
carriers with low PTC levels suggests a protective influence on the vascular tree 
of women independent of PTC. This influence may be the female sex hormones, 
because it is known that estrogens are effective in curbing hemorrhagic episodes 
and in increasing plasma Ae-globulin.*! 

3. In examining the relationship between PTC levels of hemizygous sons 
and their heterozygous mothers, we find that not only is the deficiency of PTC 
inherited, but also the severity. There is a highly significant correlation between 
the PTC levels of affected sons and the redueed PTC levels of carrier mothers. 
rom the genetie standpoint this suggests at least 2 hypotheses. First, there may 
be a number of alleles eapable of residing at the PTC loeus which have different 
efficiencies in controlling PTC levels. On the other hand the gene pool may 
contain only L normal and 1 abnormal allele for this locus, while modifier genes 
elsewhere in the genome determine the variability in a population of affected 
males. In either instanee, a mother-son correlation would be expected. Our 
data are not definitive in making a choice between these alternatives, but tend 
to support the concept of multiple alleles. 

The plot of PTC levels of the heterozygotes in Fig. 2 suggests a bimodal 
distribution. This may be considered evidence strengthening the hypothesis of 
2 or more abnormal PTC alleles. (The observation, of course, may simply repre- 
sent a sampling error, beeause 13 mothers do not constitute a very large sample 
for statistical purposes.) Another intrafamily correlation not apparent in Fig. 
3 probably adds some slight additional weight to the multiple allele hypothesis. 
Among the affected boys, 4 sets of brothers were tested and plotted. Three of 
the 4 pairs lay in the same cells; only 1 pair was divided between 2 of the cells. 
If modified genes were very important, both mildly and severely affeeted hemi- 
zygous boys would be expecied within a sibship, 
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A recent experience with a family, not a part of the present study, adds 
more weight to the importance of multiple alleles in PTC deficiency. The family 
consisted of a grandfather with moderately severe PTC deficiency (< 5 per cent 
PTC), 2 carrier daughters, and 3 sons of the 2 daughters. All 3 of the @rand- 
sons had PTC levels less than 5 per cent and clinical symptoms either equal to 
or more severe than those of their grandfather. One transmitter daughter had 
a PTC level of 100 per cent, while the other had a level of 29 per cent. Both 
daughters obviously received the same abnormal PTC allele from the father 
and transmitted it to their sons. Yet the PTC levels of these sisters were 
significantly different. The difference between the sisters may have resulted 
from the allele on the PTC locus of the other X-chromosome, beeause it must be 
remembered that each had a normal allele contributed by the mother. Their 
normal mother may have transmitted alleles of quite different efficieney to each 
daughter. While multiple allelism is a likely explanation of the foregoing, our 
data do not completely exclude the possibility that modifier gene(s) at some 
other locus on the X-chromosome or on an autosome were responsible for this 
interesting family. A somewhat analogous situation has been deseribed by 
MeGovern and Steinberg?’ in ATLF deficiency. 

The preceding statements should not be taken to mean that aeceptance of 
either hypothesis excludes the possibility of the other. We have set up the 
mutually exclusive hypotheses for heuristie purposes. It is entirely possible 
that the PTC locus may both be occupied by one or another of a series of alleles 
and at the same time subject to modification by other genetic loci. 


SUMMARY 


1. An assay method for measuring PTC levels, based on the partial throm- 
boplastin time technique of Langdell and co-workers,® is deseribed in detail. 

2. The PTC levels of a control female population, a group of 13 heterozy- 
gous carrier mothers, and 17 affeeted sons are deseribed and compared. A good 
correlation was observed between clinical severity, PTC levels, and prolongation 
of clotting tests of the affeeted males. 

3. This study has produced the following genetic information about the 
mutant gene(s) for PTC deficiency : 

A. Heterozygosity, as measured by group means, causes a slight but signifi- 
cant reduction in PTC, which implies that the mutant gene should not be con- 
sidered completely recessive. 


B. Even with a significant average reduction in PTC level, heterozygous 
females withstand considerable trauma without dangerous loss of blood. 


C. In 25 per cent of the heterozygotes studied, PTC was sufficiently re- 
duced to allow a confident diagnosis of abnormality by our assay. However, the 
PTC levels of 75 per cent of the mothers fell within the normal range. 

D. The severity of PTC deficiency is clearly inherited. However, it is not 
clear whether this is due to a multiple allelie series at this locus, a single ab- 
normal allele greatly influenced by the remainder of the genome, or both. Our 
present data tend to indicate a multiple allelie series at the PTC locus. How- 
ever, it would be a very unusual locus whieh was completely independent of 
the rest of the genome. 
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THE USE OF CLINICAL DEXTRAN IN PATIENTS WITH 
PAROXYSMAL NOCTURNAL HEMOGLOBINURIA 
FRANK GarpNER, M.D.,.* MirsuKxo T. Larorrer, M.D.** 


Boston, Mass. 


ECENT studies have emphasized that properdin is a necessary component 


in the hemolytic system observed in paroxysmal nocturnal hemoglobinuria 
(P.N.HL.)... The abnormal red cells in this disorder will hemolyze in’ serum 
containing magnesium, complement, and properdin more completely at a pit of 
6.5 to 7.0. Pillemer and his associates® * have defined the role of properdin in 
immune reactions, and have demonstrated that many polysaccharides will in- 
teract with and bind properdin. In fact, its binding by zymosan has been part 
of the procedure for estimating serum properdin levels. 

During a hemolytie crisis in a patient (A. A.) with P.N.EL. who was under- 
going choleeystectomy, clinieal dextran was used to maintain the blood pressure 
until adequate blood replacement could be obtained. After the dextran infusion, 
the patient’s physician observed a marked deerease in hemoglobinemiat which 
prompted further studies with a resultant preliminary comment.* Stratton and 
associates” have also discussed the use of elinieal dextran in patients with PLN.II. 
Recently Crosby and Benjamin’ have made certain in vitro studies concerning 
the effeet of dextran on P:N.H. hemolysis. 

The following clinical and laboratory studies were undertaken to ascertain 
whether elinieal 6 per cent dextran infusions would inhibit hemolysis and de- 
crease hemoglobinuria in patients with P.N.IL. Certain in vitro observations 
have been attempted to define the function of dextran in the P.N.IL. hemolytic 
system. 

MATERIALS AND METHODS 

Three men with P.N.H, were studied.} For the most part, clinieal observations were 
made on an ambulatory basis, and at frequent intervals notes of illness 
were recorded to correlate with hematologic measurements. 


or activities 
Patients were brietly hos 
pitalized for transfusions or special study. Two of them 


collected daily, separated, 12 
From the Richard C. Curtis Hematology Laboratory, Peter Bent Brigham Hospital, and 
the Department of Medicine, Harvard Medical School. 

_ Aided in part by a grant (A965C3) from the National Institute of Arthritis and Meta 
bolic Diseases, National Institutes of Health, Bethesda, Md., the John A. Hartford Foundation 
Inc., and the W. F. Milton Fund. 

Received for publication Sept. 3, 1959. 
*Assistant Professor of Medicine. 

; SeA portion of this investigation was carried out during the tenure of Postdoctoral Fellow- 
ship from the National Institute of Arthritis and Metabolism, United States Public Healt! 
Service, 1955-1956. 

7We are indebted to Dr. Walter Cervoni for this observation. 


tWe are indebted to Drs. W. B. Castle and C. P. Emerson, Jr. 


? 1 , for allowing us to study 
patients under their care. 


946 


= 

7 

pe 
4 
: 
J 
; 
a 
; 
Fe 
4 


sel DEXTRAN IN PAROXYSMAL NOCTURNAL HEMOGLOBINURIA 947 


hour urine specimens (7:00 A.M. to 7:00 P.M.) for periods of 6 to 18 months by aliquoting 
samples from calibrated plastie collection bottles. These aliquots were used to measure urine 
hemoglobin concentration. 

Plasma and urinary hemoglobin estimations were made by the benzidine method of 


Crosby and Furth.?7 Plasma and urine dextran levels were measured by the technique of 


Roe,s whereas serum complement was determined by the 50 per cent hemolysis procedure.® 
Serum properdin levels in one study were determined by Dr. Louis Pillemer. 

Two types of clinical 6 per cent dextran solutions were used: the American type* 
with a mean molecular weight (M.M.W.) of 75,000, and a British preparation,t M.M.W. 
152,000. In vitro studies were made with powdered dextran, M.M.W. 75,000, as used in 
preparations of the American type dextran. 

Whole blood from patients with P.N.IL. was collected in acid citrate dextrose (ACD) - 
anticoagulant solution using sterile equipment. After centrifugation, the red blood cells 
were washed thrice in physiologic saline and stored in an approximately 30 per cent concen- 
tration in saline solution containing 0.0005M MgCl. The red cell suspensions were kept at 
4° C. and were usually used for no longer than 1 week. 


Serum from clotted blood was obtained from normal volunteers and from polyecythemic 
donors who required phlebotomy. It was used immediately or stored in small aliquots at 
-65° C. In certain instances divalent cations were removed from serum by passing serum 
at 4° C. to maintain complement activity through Amberlite IRC50 resin in the sodium 
evele.{ This serum preparation did not allow P.N.H. red cell hemolysis in the absence of 
magnesium. Two solutions of purified human properdin were used for in vitro studies. One 
solution was prepared with the zymosan technique? and by assay contained 300 units per 
milliliter (HP-71§). The other solution was prepared by ethanol fractionation!® and con- 


tained 600 units per milliliter (HP-FPSF)). In some experiments rat serum was used as a 
source of properdin with an assumed properdin concentration of 50 units per milliliter. 
Magnesium and calcium were removed by passing chilled rat serum through an Amberlite 
IRC50 resin column. Thereafter the serum was adsorbed with 1:1 mixtures of human red 
cells of blood groups A, B, and O at 4° C. to remove heterologous antibodies. In the absence 
of cations, inactive complement allowed rat serum to be adsorbed without hemolysis. The sera 
were then retested with red cells at 37° C. to determine whether any residual hemolysins or 


agglutinins were present. If no hemolysis oceurred, the serum was judged satisfactory for 
in vitro studies, 

In vitro hemolytie studies were measured by methods similar to the technique originally 
deseribed by Dacie and Richardson.1! One milliliter aliquots of serum were acidified with 0.05 
ml. of 3N HCl, to bring the pIl to 6.5 to 6.6, Special additives to the system did not dilute 
the serum volume by more than 10 per cent and were added before the introduction of red cells. 
Five tenths milliliter of a 20 per cent red cell suspension was added and the mixture was 
layered with mineral oil and incubated 380 minutes in a 37° C. water bath. The mixture was 


immediately resuspended and centrifuged rapidly. The supernatant was measured for 


hemolysis in the spectrophotometer at 540 my; the per cent hemolysis was caleulated using 
as a control a sample of red cells and serum that had been frozen and thawed to hemolyze all 


of the red cells, thus representing 100 per cent hemolysis. 


CLINICAL OBSERVATIONS 


The first opportunity for evaluating the clinical effect of dextran infusions 
occurred after a hemolytic reaction in a patient (M. P.) with P.N.H. who was 
given fresh plasma which contained Cr°!-labeled platelets'* so their lifespan 


*Powdered dextran, obtained from Dr. A. E. Osterberg, Abbott Laboratories, North 
Chicago, Ill. 
+Intradex, supplied by J. T. Marsh, Glaxo Laboratories, Ltd., Greenford, England. 
tObtained from Rohm & Haas, Philadelphia, Pa. 
$Supplied by Dr. C. F. Hinz, Western Reserve University, Cleveland, Ohio. 
Supplied by Dr. B. FE. Sanders, Merck Institute, West Point, Pa. 
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might be observed. This transfusion accentuated the hemoglobinuria and hemo- 
globinemia. After the hemolytie reaction the patient received 500 ml. of 6 per 
cent dextran (Abbott) intravenously with no complications. Thereafter, for 3 
consecutive days, 1,000 ml. of dextran was infused with a progressive decline 
of hemoglobinemia and hemoglobinuria (Fig. 1). Since hemoglobinuria often 
disappears after a hemolytic transfusion reaction, the patient was observed 
during the subsequent week. A second dextran infusion was given with similar 
results. 
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Fig. 1.—Patients M.P. and L.T. Changes in hemoglobinemia and hemoglobinuria after 
infusions of 6 per cent dextran. Daily urine specimens divided into daytime (open bar) and 
nocturnal (shaded bar) 12 hour samples. Initial hemolysis in Patient M. P. related to trans- 
fusion (Tx) of fresh plasma. The increased nocturnal hemoglobinuria in Patient L. T. after 
initial dextran infusions was compatible with the daily fluctuations in his pattern of 


hemo- 
globinuria. Patient L. T. has a more prolonged response to dextran infusion. 


A second patient (lL. T.) was given 1,000 ml. of 6 per cent dextran solution 
for 3 consecutive days to determine whether this clinieal response could be du- 
plicated. Here, the decrease in hemoglobinuria was more pronounced and pro- 
longed than noted in the first patient (Fig. 1). A second period of dextran 
infusions followed the initial study to exclude any variability in hemoglobinuria. 

These initial clinical observations suggested that P.N.H. hemolysis could be 
partially controlled by dextran infusions. To evaluate the practical application 
of dextran administration in patients with this disorder, a weekly therapy pro- 
gram was planned to determine whether the transient decreased hemolysis would 
lessen transfusion requirements. Patient M. P. received 9 weekly 1 L. infusions 
of 6 per cent dextran solution (M.M.W. 152,000). At the end of this period 


me LT 
a 1300 
Dextran 
1100, | 1000- 
oA ofl OU 
1000 
900 
E 
E800 
= 
| 
400 
a: 
2 4 € 10 12 14 16 2 4 6 10 


Volume $5 DEXTRAN IN PAROXYSMAL NOCTURNAL HEMOGLOBINURIA 949 
umber 6 


his prolonged bleeding time, accompanied by epistaxis and gingival bleeding, 
indieated that continued dextran administration was not a safe procedure. 
During this interval his transfusion requirements did not decrease. The effect 
of dextran infusions on nocturnal hemoglobinuria is plotted in Fig. 2, and a 
similar period at a later date is plotted for comparison. After each infusion 
there was a lessening of hemoglobinuria. 


When dextran was given concurrently 


Dextron 


Nov. Dec. Jon. Feb. 
2 units 2 units tuntt 2 units 


Fig. 2.—Patient M. P. Daily 12 hour nocturnal hemoglobinuria values plotted as_ shaded 
area during period of weekly 1 L. dextran infusions. Each infusion was followed by a decrease 
in nocturnal hemoglobinuria. To the right a comparable period 1 year later emphasizes that 
the normal variations of nocturnal hemoglobinuria do not decline to the lower levels noted 
following dextran infusions. An interval of decreased hemoglobinuria after 2 unit blood trans- 
fusion and after a 10 day episode of influenza are the only 2 instances to compare favorably 
with the decreased hemolysis following dextran. 


with sedimented red cell transfusions, hemoglobinuria was more pronounced but 
less than with red cells alone. The intensity of hemoglobinuria decreased during 
the period of weekly dextran infusions as compared to the same interval 1 year 
later. 

Each liter of dextran administered caused a rapid elevation of the plasma 
dextran level (Fig. 3). By the ninth week a plasma dextran concentration was 
achieved that would inhibit hemolysis (see In Vitro Observations). However, 
hemorrhagic complications prevented maintenance of such levels by means of 
which changes in the peripheral blood values could be appraised. 

The daily fluctuations in hemoglobinuria emphasize the importance of re- 
producible observations in patients with this disorder (Fig. 2). Many faetors 
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and agents affect hemoglobinuria’ and the transient alterations in plasma 
volume related to dextran infusions may have been contributing factors in the 
inhibition of hemolysis. Two patients, M. P. and L. T., received 100 ml. of 25 
per cent human serum albumin in 500 mil. of saline and 1,000 mi. of saline solu- 
tion, respectively, to determine whether these infusions would alter hemo- 
globinuria. Two consecutive 1 L. 6 per cent dextran infusions are plotted in 
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DEXTRAN 
600 
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T T 


T T 
WEEKS 
Fig. 3.—Patient M. P. Variations in plasma dextran levels after weekly infusions of | 


L. of 6 per cent British dextran solution. In vitro studies would indicate that an inadequats 
plasma dextran level was attained after 9 weeks to inhibit hemolysis. 


Fig. 4 comparing the effeets of human serum albumin and physiologice saline on 
nocturnal hemoglobinuria. After the albumin and saline infusions a transient 
deerease in hemoglobinuria was noted for several hours which in reality re 
flected a decreased hemoglobin concentration in a dilute urine. However, de 
creased nocturnal hemoglobinuria was noted only after dextran infusions. 


Patients with P.N.H. have episodes of hemoglobinuria after transfusion. 
Usually hemoglobinuria is less severe when the plasma is removed from the rec 
cells which are in turn washed thrice in physiologic saline. However, suc’ 
manipulations inerease the risk of contamination. In several instances 2 pi 
tients with P.N.H. were given dextran infusions prior to transfusion of sed 
mented red ecells.* Their alterations in hemoglobinuria are listed in Tables 
and II. Comparative proceedures of plasma removal and saline washed red cel 
are tabulated in these patients. Less hemoglobinuria was present when dextra 


*After standing overnight at 4° C., whole blood collected in plastic bags with ACD ant 
coagulant may have 80 per cent of the plasma removed from the sedimented red cells. 
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was infused prior to transfusion. L. T. and M. P. experienced complete inhibi- 
tion of hemolysis when adequate dextran was given prior to transfusions. The 
3 patients studied have commented that the discomfort of transfusion (myalgia 
and lumbar back pain) was less severe when dextran was infused prior to trans- 
fusion. However, dextran had no influence on febrile reactions despite the ab- 
sence of hemoglobinuria. 
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Fig. 4.-Patients M.P. and L.T. Levels of nocturnal hemoglobinuria after infusions of 
dextran, saline, and albumin as plasma expanders. Two infusions of dextran are plotted for 
each patient. There is no evidence that transient expansion of plasma volume by albumin or 
saline alters nocturnal hemoglobinuria. 


IN VITRO OBSERVATIONS 

The initial cHnieal observation prompted the following studies to determine 
how dextran inhibited hemolysis. The standard in vitro acidified hemolytic 
serum system was used with varying concentrations of dextran. Five to 25 mg. 
of dextran (M.M.W. 75,000) in 0.1 ml. of physiologie saline solution were added 
to 1.0 ml. of acidified serum. The per cent hemolytie inhibition is related to the 
number of red cells hemolyzed when 0.1 ml. of saline without dextran is added 
as the serum diluent. Less hemolysis was present as the dextran concentration 
Was increased (Fig. 5). Patient M. P. had less inhibition with dextran than the 
other 2 patients. The maximum plasma dextran levels observed during the 
weekly infusions in M. P. (Fig. 3) did not reach a coneentration that would 
inhibit hemolysis for any duration from the in vitro studies. 

Hemolytie studies were performed to determine whether e¢linieal dextran 
had any inhibitory effect on the components for hemolysis of P.N.H. red cells. 
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P.N.H,. Red Cells.—Thrice washed red cells were suspended in 6 per cent 
clinical dextran (M.M.W. 75,000) solution and ineubated at 37° C. for 30 
minutes. The cells were then washed twice in physiologic saline solution and 
used in the standard acidified hemolytie serum system. The preliminary con- 
tact of dextran with the red cell membrane caused no inhibition of hemolysis. 


Magnesium.—Utilizing serum devoid of divalent cations by exposure to 
Amberlite resin, MgCl. was added in progressive amounts to determine optimal 
concentration for hemolysis in the standard acidified serum system. A final 
concentration of 8 mm. provided maximal hemolysis with moderate inhibition 
at the level of 2 and 16 mm. It was postulated that any complexing of dextran 
with magnesium should allow enhanced hemolysis at 16 mm. compared to the 
inhibition previously noted. When varying amounts of dextran, from 5 to 25 
mg., were added to 1 ml. serum containing 2 mm. and 16 mm. of magnesium, 
respectively, there was no alteration of the hemolytie inhibition noted from 
dextran. The 2 curves of hemolytie activity are parallel to indicate that dextran 
does not alter the funetion of magnesium. 


TABLE | 
HEMOGLOBINURIA 
TIME (MG./24 HOURS) 


THERAPY 


Day before Tx 580 

Day 1 280 1,000 ml. dextran + 2 units blood 
Day 2 480 2 units blood 

Day 3 1,170 2 units blood 


Day before Tx 2,825 
Day 870 1,000 ml. dextran + 2 units blood 
Day : 150 500 ml. dextran units blood 
Day 50 
Day - 0 500 ml. dextran + 2 units blood 
Day 0 


Patient L.T. Two transfusion (Tx) studies with 6 per cent dextran infusions. 

liter of dextran did not inhibit hemoglobinuria after transfusion of sedimented red cells: 

unit derived from 500 ml. whole blood. When an additional 500 ml. of dextran was admin- 
istered before additional transfusion in the second study, hemoglobinuria was abolished. 
During both procedures, the patient had febrile reactions with temperature rising to 104° F., 
possibly related to “buffy coat” sensitization. 


Complcement.—Since properdin is not necessary for isohemolysis of the ABO 
blood groups, this simple procedure was utilized to determine whether dextran 


interfered with complement dependent systems. The standard hemolytie system 
using 1.0 ml. of nonacidified serum with the same varying concentrations of 


clinical dextran, as deseribed previously, was used. Hemolytie group O sera 


were mixed with group A cells. Sera were used in which hemolysis was not 
complete in order that inhibition might be observed. From these observations 
dextran (M.M.W. 75,000) in the concentrations which will inhibit P.N.H. 
hemolysis (20 to 25 mg. per milliliter) did not inhibit isohemolysins. Concen- 
trations above 25 mg. per milliliter did inhibit hemolysis but such levels were 
not used for the in vitro studies, nor were they achieved in patients with P.N.H. 
after dextran infusions. Moreover, determination of the complement titer 
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Number 6 


using 1 ml. of serum with the same varying concentrations of clinical dextran, 
showed no significant difference between the control and those sera which eon- 
tained dextran. 


TABLE IT 


NOCTURNAL 
HEMOGLOBINURIA 
(MG./12 HOURS) THERAPY 
before T) DSO 
before Tx 600 

433 2 units blood Whole blood centrifuged 
925 2 units blood to remove all plasma 
275 and “buffy coat” from 
50 red cell 


before Tx 
before 
units blood 
units blood Saline washed to remove 
“buffy coat” 


Day 2 before Tx 

Day before ‘T 

Day F 2 units blood Saline washed to remove 
Day “buffy coat” 


Day before 


Day ‘ : ml. dextran + 2 units blood 
Day : : ml. dextran + 2 units blood 
Day ; : ml. dextran + 1 unit blood 
Day 


Day 2 before Tx 83 
Day 1 before Tx 104 
1 0 


Day 1,000 ml. dextran + 2 units blood 


Patient M. P. Five transfusion (Tx) procedures. Alterations in nocturnal hemoglobinuria 
have been lessened by removing plasma and “‘buffy coat.” Preliminary infusions of dextran 
will decrease the hemolysis further. 


TABLE IIT 


PER CENT HEMOLYSIS IN 1.0 ML. ACIDIFIED SERUM 
(pH 6.6) WITH SALINE DILUENT = 100% 
PATIENTS DEXTRAN | DEXTRAN 25 MG./ML. _ 
WITH PROPERDIN (M.M.W. 75,000) + 
P.N.H. PROPERDIN 10 UNITS/ML. 25 MG./ML. PROPERDIN 10 UNITS/ML. 
RED CELLS SOURCE (%) (%) 


M. P. H.P.* 165 76 
R.S.t 174 


| 268 74 
R.S. 164 74 

Keffect of properdin on P.N.H. red cell hemolysis. In each instance 1.0 ml. of acidified 
serum was used; the hemolysis observed with physiologic saline diluent as the 100 per cent 
value was utilized. Ten units of purified human or rat properdin activity enhanced P.N.H. 
hemolysis equally in patient M.P. The inhibitory effect of dextran almost was eliminated 
by the addition of 10 units of properdin. 

*Purified human properdin (HP-71) 300 units per milliliter. 

+Rat serum (assumed assay 50 units per milliliter). 

tPurified human properdin (HP-113-FPSF) 600 units per milliliter. 


TIMI 
Day 2 
Day 1 
Day 1 
Day 2 
Day 3 
Day 4 
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Day 1 
Day 1 
Day 2 
IV 
S60 


954 GARDNER AND LAFORET a. 

Properdin.—Serum properdin levels were only measured after clinical dex- 
tran infusions in 1 study. After administration of 500 ml. 6 per cent clinical 
dextran (M.M.W. 75,000) the preinfusion serum level of 6 units fell to less 
than 3 units immediately after the infusion was completed. The properdin 
value remained at 4+ units for 3 days before returning to the pretreatment level. 

Ten units of purified human properdin was added to the in vitro P.N.IL. 
hemolytic serum system and augmented hemolysis as deseribed by Hinz and 
co-workers.' The inhibition of hemelysis by dextran is eliminated by this 
amount of purified properdin. Similarly, absorbed rat serum will augment 
hemolysis and overcome the decreased hemolysis from dextran (Table IIT). 
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red cell value in each patient. Decreased hemolysis was observed with increased dextran 
concentration (M.M.W. 75,000). 

Pillemer and eco-workers'® have emphasized that the low molecular weight 
clinical dextrans do not bind properdin, but, in some instances, high molecular 
weight dextrans will complex with properdin. When varying amounts of dex 
tran of progressively higher molecular weights were added to the standard 
in vitro P.N.H. hemolytic serum system deseribed, progressive hemolytic in 
hibition was noted (Fig. 6).* Dextrans with molecular weight above 300,00( 
have the same inhibition of hemolysis at 10 mg. per milliliter serum concentra 
tion as noted with the dextrans of lower molecular weight at 25 mg. per milli 
liter. Possibly the higher molecular weight fraction in the lower weight mix 
tures (in which mean molecular weight is measured) is the active componen 
which inhibits hemolysis. These observations are suggestive evidence that elini 
eal dextrans bind properdin in the P.N.H. hemolytie system. 


*These dextrans were obtained by the National Research Council from the Commerci 
Solvents Corp., Terre Haute, Ind., through the courtesy of Dr. Margaret H. Sloan. 
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DISCUSSION 


The in vivo and in vitro observations indicate that clinieal dextrans will 
inhibit hemolysis in patients with P.N.H. To inhibit hemolysis, dextran solu- 
tions with a higher percentage of large molecular components seem desirable to 
maintain a dextran plasma level over a longer period of time. Over 80 per 
eent of the dextran molecular weight abundance of the American preparation 
is less than 100,000.'° Sinee dextran molecules of less than 60,000 are rapidly 
exereted, clinical infusions of American type dextran will have 70 per cent of 
the plasma dextran climinated in 24 hours. In most of the in vivo studies, 
British dextran solution has been used since the bulk of the molecular units 


MOLECULAR WEIGHT 
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- 150 to 200 > x 105 
&—4 - 200 to 300 
x—« - 300 to 500 


Per Cent 
HEMOLYSIS 


30 


25 5 10 1S 20 25 
DEXTRAN mgm. / mi. serum 


Fig. 6.—Patient L. T. Effect of dextrans of different mean molecular weights on hemoly- 


Significant inhibition is only found at lower dextran concentration when molecular weight 
is above 200,000, 


Sis. 


are above 100,000 and only 25 per cent is exereted in 24 hours.'* The in vitro 
studies indicate that the larger molecular weight fractions inhibit hemolysis 
more completely. Both types of clinical infusions will suppress hemoglobinuria 
only transiently. 

Previous reports have documented the hemorrhagie complications of dex- 
tran infusions.’ 7° These reactions are related to the plasma dextran coneen- 
tration. For the most part, they may be related to the higher moleeular weight 
fractions that would persist in the plasma for more than 12 hours.*’ No bleed- 
ing complications were noted in the short term in vivo studies reported herein. 
Ilowever, after the repeated weekly 1 L. infusions over a period of 9 weeks, 
changes in capillary permeability were present in 1 patient. The dextran 
molecules that remained in his circulation from week to week represented large 
components that were exeluded from the renal threshold. This patient, M. P., 
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had a splenectomy several years prior to this study, and his blood platelet values 
were normal throughout the 9 week study and may have delayed the appear- 
ance of a prolonged bleeding time. Patients with thrombocytopenia are more 
sensitive to the hemorrhagie complications of dextran infusions.'* Many pa- 
tients with P.N.H. have a mild to moderate thrombocytopenia and, in such in- 
stances, dextran infusions should be followed carefully by frequent determina- 
tion of the bleeding time. While the hemorrhagie complications exclude fre- 
quent infusions of dextran, consecutive daily 1 L. infusions of 6 per cent elini- 
cal dextran can be used for several days to inhibit hemolysis. 

The responses of the 2 patients charted in Fig. 1 emphasize the variations 
to be expected in patients with P.N.H. Patient L. T. had a longer period free 
from hemoglobinuria than did Patient M. P. There was no evidence to relate 
these changes to variations in ‘‘suseeptible red eells,’’ for these observations 
have been repeated many times; L. T. always showed a more effective response 
to dextran. As noted above, M. P. had a serum properdin level of 6 units per 
milliliter, whereas L. T. had a serum properdin level of 3 units per milliliter. 
The difference in response to infusions in vivo and the more complete inhibition 
to higher coneentrations of dextran in vitro in L. T. (Fig. 5) may be related to 
less cireulating plasma properdin and more complete binding by dextran. 

No untoward reactions have been observed in these 3 adult patients after 
frequent infusions of British and American type dextrans during the past 3 
years. Several months have elapsed between infusions without any evidence ot 
immune reactions. Adequate preparation with dextran infusions before trans- 
fusion will markedly inhibit or eliminate hemoglobinemia. The patients tolerate 
transfusions more comfortably and the laborious process of washing red cells 
with saline to remove plasma is not required. Dextran has not eliminated the 
pyrexia associated with transfusions of sedimented red cells to patients with 
P.N.H. They have received multiple transfusions, and the febrile reactions 
that persist have been attributed to an immune response to the **buffy coat’ 
components.** 

Does dextran combine with properdin to inhibit hemolysis of the P.N.II. 
red cell? The inability to demonstrate changes in serum properdin coneentra- 
tions in vitro after mixing serum with various clinical dextrans does not support 
this hypothesis.’ In one clinical study reported here properdin levels were 
measured after a dextran infusion. Although the 50 per cent deerease in pro- 
perdin units after infusion is suggestive evidence for properdin binding by 
dextran, repeated observations are necessary. Purified human properdin wil! 
overcome the hemolytic inhibition of dextran in vitro (Table III). Finally. 
the inereased hemolytie inhibition related to increased molecular weight of dex 
tran may be compatible with the observations that high molecular weight 
‘native’? dextrans can complex with properdin.'® The properdin assay meas- 


urement is dependent on the complexing of properdin with zymosan. Activ: 
properdin ean be dissociated from baeterial wall polysaccharides after its initia! 
removal from the serum.** It is reasonable to postulate that properdin may |x 
inactivated in the P.N.H. hemolytie system by dextran only to be more firm); 
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complexed by zymosan in the assay procedure. Properdin bound to the larger 
molecular dextran components would remain inactive to explain the initial 
decrease in serum properdin levels noted in Patient M. P. after the infusion 
of dextran. This concept also has been proposed recently by Crosby and Ben- 
jamin.” 

Lasch and associates** have emphasized that careful titration of heparin 
infusions will control hemolysis in patients with P.N.H. Although Pillemer 
and co-workers'*® found no evidence of properdin-heparin complexes, the affinity 
for zymosan in the titration system may have prevented proper interpretation. 
Previously, Crosby** had emphasized that heparin would inhibit P.N.I. hemoly- 
sis. These studies suggested that the in vitro effeet was related to deereased 
complement aetivity. Reeently, Fritsche and Martin?’ demonstrated decreased 
properdin units in the P.N.H. hemolytic system as the heparin coneentration 
was increased. TLemolysis decreased as properdin values declined despite ade- 
quate serum complement levels. These studies expand the possible variety of 
polysaccharides that may bind or alter the function of properdin. 

The P.N.HI. red cell, magnesium concentration, and complement units have 
not been influeneed by the concentrations of dextran used in the in vitro studies 
deseribed. Other serum factors may be affected by dextran that are as yet 
undeseribed. Ilowever, for a working hypothesis, properdin complexing by 
dextrans in vivo is an adequate explanation for the clinical effectiveness of these 
clinieal polysaecharides. 
SUMMARY 
Clinieal dextran is an effeetive agent for inhibiting the hemolytie meeh- 
anism in the patient with paroxysmal nocturnal hemoglobinuria (P.N.HL.). 
Long-term administration is associated with hemorrhagie complications. At the 
present time 6 per cent elinieal dextran infusions are of value to temporarily 
control hemolysis associated with infection, trauma, and transfusion reactions. 

In vitro observations demonstrate that hemolytie inhibition is related to 
plasma concentration and moleeular weight of the dextran solution. Evidence 
has been presented to demonstrate that dextran does not interfere with the red 
cell membrane, magnesium, or complement. It is proposed that dextran binds 
properdin to inhibit hemolysis. 
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LABORATORY METHODS 


THE ISOLATION OF BLOOD GLUCOSE AS POTASSIUM GLUCONATE 
ALBERTA BLAIR, B.S.) AND STANTON M.D. 
BeTHespa, Mp. 


HE availability of C'*-labeled glucose has resulted in investigations of the 

kineties of glucose metabolism in rats,’ rabbits? dogs,’ and humans.‘ In 
these studies, after the injeetion of the radioactive glucose, frequent sampling 
of the body glucose pool and determination of the glucose specific activity are 
required. The method commonly used for isolating glucose from the body 
pool is the precipitation of the phenylglucosazone derivative from protein-free 
filtrates of whole blood’ or plasma‘ after addition of carrier glucose. This 
method for preparing the osazone of glucose in pure form, however, has many 
undesirable features. These have recently been enumerated by Berson and 
associates.” 

Preparation of the glucosazone is a very tedious proeess which requires 
several hours. Moreover, it is difficult to obtain an osazone with the melting 
point characteristic for this compound. Beeause of this, many reerystallizations 
are necessary and frequently the osazones fail to precipitate after 2 or 3 
reerystallizations. Over-all recoveries of glucose are therefore low, a fact 
of utmost consideration when dealing with the administration of small amounts 
of radioactivity to normal human subjeets. Another drawback of the glucosa- 
zone derivative is that its chemieal structure complicates degradative pro- 
cedures whereby individual carbon atoms are isolated and their radioactivity 
is assayed. 

Steele and co-workers’ have attempted to obviate some of these difficulties 
by converting the glucosazone to the phenylosotriazole derivative. The over-all 
vield, however, was only 23 per cent of the theoretie yield. Berson and associ- 
ates? resorted to counting plasma C™ aetivity directly without isolation of 
glucose. Hiatt® developed an elaborate method for isolation of blood glucose 
which employed resin column adsorption of glucose-6-phosphate formed en- 
zymatically from glucose. Dunn and co-workers’ devised a method whereby glu- 
cose carbon was isolated from blood by periodie acid treatment of blood filtrates 
with subsequent oxidation of the formie acid derived from carbons 1 to 5 
of glucose to CO, and trapping of carbon 6 as the dimedon derivative. In the 
latter method neither erystalline glucose nor a chemically pure derivative of 
glucose was isolated. 
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The limitations imposed by the previously existing methods prompted us 
to find a derivative of glucose easily isolated in pure state in high yield which 
‘an be chemically degraded with relative ease. By application of the hypo- 
iodite oxidation of aldoses deseribed by Moore and Link,® it has been possible 
to isolate blood or plasma glucose as potassium gluconate, a derivative which 
has the desired characteristics. The reaction carried out is: 


OH +3 KOH + —OH 
methanol 
OH O—OH 


CH.OH CH.OH 


METHOD 


Reagents: (1) Glucose, (2) 90 per cent methanol, (3) absolute methanol, acetone 
free, (4) resublimed iodine, 280 mg. per 100 mg. of glucose to be oxidized, the required 
amount dissolved in 4 ml. absolute methanol, and (5) 4 per cent KOI in absolute methanol, 


5.5 ml, per 100 mg. glucose to be oxidized. 


Procedure.—A weighed amount of carrier glucose is added to a Somogyi? prepared 
protein-free filtrate of whole blood or plasma whose glucose content had previously been 
determined.* The filtrate is evaporated to dryness in vacuo at 40° C. Careful extraction 
of the residue is carried out with three successive 10 ml. portions of hot 90 per cent 
methanol, and the extracts are transferred to a 40 ml. centrifuge tube. Particulate matter is 
centrifuged down; the supernatant which contains the glucose is decanted to another 40 ml. 
centrifuge tube and evaporated to a thick syrup at 40° C. under a stream of nitrogen. 

Two-tenths milliliter of water followed by 1.2. ml. absolute methanol are added; 
the sides of the tube are washed carefully with these additions. The mixture is stirred with 
a small rod to ensure complete solution of the syrup. A small amount of precipitate may 
again appear and is spun down. 

The supernatant is transferred with a capillary pipette to a 25 ml, Erlenmeyer flask. 
The caleulated amount of iodine dissolved in 4 ml. absolute methanol is added to the flask 
and the mixture is heated to 40° C. in a water bath. KOH in methanol is added dropwise 
with constant stirring. Upon addition of approximately half of the estimated volume of 
KOH. solution a sticky yellow precipitate begins to form. With continued KOT addition 
and continuous stirring, the precipitate, potassium gluconate, becomes whitish and erystallin: 
The flask is removed from the water bath and allowed to stand at room temperature fo! 
30 to 40 minutes for complete precipitation. 

The gluconate is filtered by suction on a small Hirsch funnel, washed with absolut: 
methanol, and dried on the funnel with acetone. Recrystallization is carried out by dis 
solving the product in a minimal amount of water, usually about 1 ml. Thirty milliliter 
of hot absolute methanol is added followed by addition of ethyl ether until a sligh’ 
cloudiness appears. The flask is then set in ice for 20 to 30 minutes. The resultant gluconat 


is filtered, washed, and dried on the funnel with acetone as previously. 


*The anticoagulant used in this laboratory is a sodium fluoride, calcium oxalate mixtu: 
3:1 by weight, 45 mg. per 5 ml. of blood. Glucose determinations are performed by the gluco: 
oxidase method employing the glucostat reagent of Worthington Co., Freehold, N. J. 
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Calculation.—Specitie activity of the blood or plasma glucose is determined by multi- 
plying observed specifie aetivity of the isolated gluconate by a dilution factor which corrects 
for the presence of carrier glucose. 


S.A. C14 Glucose = S8.A. Isolated Gluconate Mg carrier + Mg C14 Glucose 
¢.p.m./mM., ¢.p.m./mM., Mg C14 Glucose 


RESULTS AND DISCUSSION 


Moore and Link* originally deseribed the iodine oxidation of aldoses to 
aldonie acids in the eourse of converting aldoses to their benzimidazole de- 
rivatives by coupling the aldonie acid with o-phenylenediamine. We have taken 
advantage of the faet that gluconate formed from glucose by the Moore and 
Link procedure is easily obtained in good yield as anhydrous crystalline needles. 

By the eapillary tube method, the crude gluconate formed in the reaction 
mixture was found to have a melting point, with decomposition, of 174° C. Pure 
potassium g@luconate*® melted at 178° CC. One reerystallization from methanol 
was required to bring the melting point of gluconate prepared from blood 
filtrates to 177 to 178° CC. Radioactive elueonate isolated from blood of. in- 
dividuals given C'*-labeled glucose was found to have a constant specifie activity 
after 1 reerystallization. On the basis of the above criteria only 1 reerystalliza- 
tion of the gluconate is necessary in order to have a pure product. 

Recoverics—Beeause so little glucose is present in blood samples of the 
size ordinarily taken from animals or humans, one must resort to the addition 
of carrier glucose to each blood filtrate. Routinely, filtrates from 25 ml. of 
human whole blood have been used, and 100 mg. of earrier glucose has been 
added. Forty-four glucose isolations have been carried out in this laboratory. 
The vield of erude gluconate from the reaction mixture has averaged 73 per 
cent of theoretic. About 77 per cent of this material is recovered on reerystal- 
lization which makes an over-all vield of 56 per cent of the theoretie vield. 


TABLE I. RECOVERY OF GLUCOSE ADDED TO SomoGy! FILTRATES OF 5 ML. OF BLoop 


— 


THEORETIC GLUCONATE RECOVERED 
ADDED TOTAL YIELD REACTION ONE RECRYS- 
GLUCOSE | GLUCOSE GLUCONATE MIXTURE TALLIZATION RECOVERY 
SAMPLE ( MG.) | (MG. ) ( MG.) (MG.) 
1 26.8 28.5 18.2 
2 50.4 52.0 67.6 4.8 39.0 
3 76.5 78.0 101.4 a. 76.7 


In order to ascertain whether the method is feasible and recoveries are high 
when smaller amounts of glucose are used, an experiment was performed in 
which approximately 25, 50, and 75 mg. of glucose were added to filtrates from 
5 ml. aliquots of a single sample of whole blood. The results are shown in 
Table I. Over-all yields did not differ significantly from the average of 54 per 
cent obtained with 100 mg. glucose additions. The size of blood samples used 
depends on the quantity of radioactivity injected. The quantity of the carrier 
depends on the investigator’s estimate of the ease of handling of various quanti- 
ties of gluconate for his particular purposes. 


*We wish to thank Dr. Frank Eisenberg for a gift of authentic potassium gluconate. 
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Starting with pure glucose in solution, Moore and Link found recoveries 
of crude gluconate of 90 per cent of the theoretic. We have similarly obtained 
90 per cent recoveries. Possibly the 73 per cent recovery of crude gluconate 
reported here falls short of the 90 per cent expected because the hot methanol 
extraction is not entirely quantitative. Another more likely explanation is that 
salts in the filtrates acting as impurities decrease the vield. Beeause of impuri- 
ties, the isolated crude gluconate may on rare occasions become hygroscopic on 
the filter. Such samples are immediately dissolved in water and reerystallized. 
No reerystallized sample has been observed to become hygroscopic. 


Interference by Other Sugars.—Potassium salts of other aldonie acids may 
precipitate from aleoholie solution. With injection of C'-labeled @lucose in 
tracer quantities there is no danger of contamination of gluconate by other 
aldonates. Occasionally, one may be interested in the isolation and assay for 
‘adioactivity of glueose after the injection of trace quantities of other C'- 
labeled sugars. Table IL shows the results of an experiment in which minute 
amounts of radioactive galactose, ribose, fructose, and sorbitol were added to 


TABLE IT, CONTAMINATION OF GLUCONATE FORMED FROM UNLABELED GLUCOSE IN) THE 
PRESENCE OF OTHER RADIOACTIVE SUGARS 


AMOUNT APPARENT GLUCOSE SP. ACT. C.P.M./MM. 
ADDED TO | APPARENT GLU- AFTER GLUCONATE FORMATION CONTAM- 
GLUCOSE* COSE SP. ACT. RECRYSTALLIZATIONS INATION 


SUGAR (c.P.M./MM. ) 2 : (%) 
Galactose ’ 25,580 19230 19230 75 
Ribose a 26,250 4,550 3.75 14 
Fructose 8 26,000 408 260 246 0.9 
Sorbitol Ss 31,580 7.008 1,572 558 1.8 


150 me 


glucose which was then converted to gluconate. In a tracer experiment in a 
human, a few milligrams of highly labeled sugar is injected, and would be dis- 
tributed in body fluids so that only several gamma are found in a small blood 
sample. Therefore, the gamma added was negligible, but contained considerable 
radioactivity. It can be seen that reerystallization failed to separate the galac- 
tonate, and that ribonate formed in the reaction was only partially separated. 
On the other hand, the gluconate was almost entirely freed of fructose and 
sorbitol radioactivity. These results suggest that glucose isolation as elueconate 
may be feasible in the presence of certain sugars but that the amount of con- 
tamination must be determined experimentally for each individual sugar. 

A similar experiment has been carried out in which a glucose precursor, 
pyruvate-2-C™, was added to the unlabeled glucose. After 2 reerystallizations 


of gluconate approximately 4 per cent contamination was observed. The quan- 


tity of pyruvate added was 0.45 y. Thus the contamination represents less than 
0.02 y of coprecipitation. These contamination experiments indieate the extreme 
sensitivity of radiochemical measurement, for by chemical eriteria the gluconate 
isolated after addition of other radioactive substances would be considered pure. 

Applications.—The osazone derivative has usually been plated directly for 
counting or combusted to carbon dioxide which may be counted in several ways. 
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(rlaconate may be handled in a similar fashion ; however, it is possible to degrade 
the gluconate so that certain carbon atoms may be isolated and radioassayed 
individually. 

Periodate oxidation of gluconate by the method of Eisenbere'’ liberates 
carbon one as CO., carbons 2 to 5 as formie acid and earbon 6 as formaldehyde. 
The latter may be isolated from the reaction mixture as the dimedon derivative.’ 
Kormie acid can be oxidized to CO.. Should this oxidation be earried out in 
the cold, C-1 and C-2 form glyoxylice aeid, which ean be isolated! Knowing 
(-1 radioactivity permits caleulation of the C™! in C-2 by difference. 


100,000 


CPM. PER MILLIATOM CARBON 


90 120 
TIME MINUTES 


Change of specific activity of carbon 1 of blood glucose with time after the 


injection 
of 5 ne glucose-1-C™ into a normal human subject. 


This treatment of ghieonate permits performance of metabolie studies with 
vlucose whose radioactivity is in a single earbon rather than uniformly dis- 
tributed. Fig. 1 demonstrates the change in specifie aetivity of carbon one of 
blood glucose with time after the intravenous injection of 5 ye of glucose-1- 
('' toa normal subject. All of the counting was performed by liquid seintilla- 
tion techniques, counting earbon 1 as CO, trapped in hyamine base.’* Studies 
similar to this and others to determine the kineties of carbon 6 metabolism after 
injection of glucose 6-C'™ are being performed in this laboratory and will be 
the subject of a later publication.'’ The isolation of blood glucose as potassium 
gluconate provides a good starting material to conduct elaborate analysis of 
('' glucose metabolism by analysis of the changes in radioactivity of individual 
carbon atoms. 


SUMMARY 


A method for the isolation of blood or plasma glueose as potassium gluconate 
is deseribed. This derivative of glucose is superior to the commonly isolated 
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osazone derivative in that it is easily prepared in higher over-all yield. More- 
over, the gluconate provides a good starting material for chemical degradation, 
thus facilitating the isolation of individual carbon atoms of the glucose molecule. 
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MICRODETERMINATION OF GOLD IN BLOLOGIC FLUIDS 
EMPLOYING CHLORIC ACID AND ORTHOTOLIDINE 


JESSE F. 


GoopwWwIN, PH.D.,* ALFRED JAy BoLuLet, M.D.** 
Derrorr, Micr. 


ARIOUS colorimetric methods for the determination of gold have been pro- 

posed, employing p-diethylaminobenzylidine rhodanine,' malachite green,* 
and orthotolidine (4, 4’-diamino-8, 3’-dimethylbipheny])*® 7 
reagents. Other procedures involved conversion to the orange colored bro- 
maurate ion> and measurement of the color formed by the reduction of the metal 
to the colloidal form.®"!| In most of these methods'* the prineiple depends on 
(1) destruction and removal of interfering substanees, (2) formation of gold 
chloride with aqua regia, and (3) oxidation of the various organie compounds 
and reagents by gold chloride to intensely colored products. In most cases the 
chromogenie solutions formed obey the Beer-Lambert law and serve as a basis 
for quantitation. 

The orthodianisidine method of Block and Buchanan’ has been used most 
extensively for determination of gold in tissue and biologie fluids. However, 
this method does not afford the sensitivity desired in the performance of refined 
metabolic studies in persons and animals. The excessive amounts of salts whieh 
result from digestion of samples of serum and urine interfere with formation 
of color. Inasmuch as the procedure of digestion by sulfurie acid and hydrogen 
peroxide is relatively tedious and requires much time, we undertook the de- 
velopment of a method which would have greater sensitivity, require a smaller 
volume of sample, lessen interference from excess of salts, and shorten the time 
required for digestion and formation of color. 


MATERIALS AND METHODS 


Chloric Acid Reagent.—Weigh into a 3 L. beaker 500 Gm. of potassium chlorate, add 
900 ml. of distilled water, and heat until dissolved. Remove the mixture from heat and add 
375 ml. of 72 per cent perchloric acid, stirring constantly. The covered beaker is kept in a 
refrigerator 12 to 24 hours to effect complete precipitation of the potassium perchlorate, 
then filtered with suction through Whatman 41 H filter paper. The filtrate contains ap- 
proximately 28 per cent chlorie acid. 


From the Department of Medicine, Wayne State University College of Medicine and Re- 
ceiving Hospital, Detroit, Mich. 
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Standard Gold Stock Solution.—Dilute 10 mg. of gold sodium thiomalate,* which con 

tains 5 mg. of gold per milliliter with distilled water to 50 ml. This solution contains 100 
meg. of gold per millilitert and is stable indefinitely when refrigerated. 

Working Gold Standard.—Dilute 1 ml. of the stock solution to TO ml. with water. 


Each milliliter contains 10 meg. of gold. This solution is prepared weekly. 


Fig. 1.—Two views of the apparatus devised to evolve aqua regia decomposition products 
in the determination of gold. Air introduced into the central chamber is distributed to 
mounted electrolytic beakers by means of mobile manifolds. The apparatus can be positioned 
so that the evolved air covers a maximum surface area. 


Saturated Stock Solution of Orthotolidine.—Add 0.25 Gm. portions of o-tolidine to 150 
ml. of boiling 2N H.SO,, with intermittent stirring, until a saturated solution is obtained. 


Boil the mixture for 5 minutes and filter while hot through glass wool to remove the insoluble 


and light, floating particles. Allow to crystallize by cooling to room temperature. Centrifuge 


*Myochrysine, Merck Sharpe & Dohme, Philadelphia, Pa. 

+This solution may be conveniently standardized by converting an aliquot to gold Chlo- 
ride and by subsequent iodometric titration using a starch indicator with potassium iodide and 
sodium thiosulfate" according to the following reactions: 


AuCl; + 2 KI = AuCl + I: + 2 KCL 
»+ 2 Naz Se Os; = 2Nal + Naz SiOx. 
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at 1,000 rp.m. for 5 minutes; decant and discard the supernatant. The material re- 
erystallized twice more and suspended in hot N H.SO, until a supersaturated solution forms ; 
this usually requires 1.5 to 2 L. of acid. The solution is allowed to stand 24 hours before 
use, at which time a layer of o-tolidine forms on the bottom of the container, This solution 
is stable indefinitely. 


Working Solution of Orthotolidine.—Caretully remove 25 mil. of saturated o-tolidine 
stock solution from the saturated stock solution of o-tolidine without disturbing the precipitate 
and place in a 500 ml. volumetric flask. Add 40 ml. of LON H.SO,, and a sufficient quantity 
of distilled water to bring the volume to the 500 ml. mark. This solution is made up weekly. 


Bifluoride Reageut.—Place 0.75 Gm. of KHE in a 150 ml. stoppered polyethylene bottle 
and add 100 ml. of distilled water. This solution is prepared fresh daily. 

Aqua Regia—Three parts of concentrated reagent HCL is added to part of e¢on- 
centrated reagent ILNO,. This solution is made daily. 

Phenolphthalan Indicator.—One per cent solution in 95 per cent ethanol. 

Ten per cent sodium chloride is used. 


Right per cent sodium hydroxide is used. 


PROCEDURE 

Digestion—Pipette 1 to 38 ml. of human serum or plasma in a 250 mi. electrolytic 
beaker, Add 2 or 3 acid-washed Hengar crystals to the beakers with 7 ml. of chlorie acid 
and 4 drops of 10° per cent NaCl Cover the beaker with a borosilicate watch glass and 
digest on a hot plate until fumes of perehlorie acid appear, At this point remove the watch 
glass and heat the crystalline residue until the dense white fumes of perchloric acid subside, 
but not to dryness. Remove the beaker from the hot plate and redissolve the crystalline 
residue in 5 ml. of distilled water, washing down the wall of the container. Allow the beaker 
to cool and neutralize the solution with 8 per cent sodium hydroxide using phenolphthalein 
as an indieator. Replace the beaker on a hot plate (temperature, 100 to 110° C.) and allow 
evaporation to proceed to the stage at which the crystalline salts just cover the bottom of the 
container, It is important not to dry the solution completely, sinee dehydration results in 
splashing and low recovery. 

Formation of Gold Chloride—Add 3% ml. of aqua regia to the cooled beaker; cover 
With a wateh glass and allow to evaporate on the hot plate (temperature, 70 to 90° C.) to 
dryness. This may be observed by rotation of the flask on the cooler edge of the hot plate 
after the initial sign of formation of salt becomes evident. Remove the flask and, while still 
warm, introduce a slow stream of air (approximately 15 minutes) to evolve the nitrosyl 
chloride formed during decomposition of aqua regia. Replace the flask on the cooler edge 
of the hot plate and rotate to help evolve the last traces of nitrosyl chloride, Then introduce 
it under a stream of air for 45 minutes longer. An apparatus designed for this purpose is 
shown in Fig. 1. 


Color Development.—Add 1 ml. of bifluoride solution to the beaker which contains the 
converted gold chloride; then add 10 mil. of working o-tolidine solution. The beaker is 
swirled to ensure thorough mixing. After 20 minutes the color is read in a suitable spectro- 
photometer at 427 mu, or in a suitable colorimeter with a blue filter, 


Standards.—Pipette 0.1, 0.2, and 0.4 ml. of working gold standards representing 1, 2 


and 4 meg. of gold into 250 ml. electrolytic beakers and proceed as previously. A gold-free 
serum or plasma blank is also carried through the determination. 

Procedure for Gold Determination in Urine.—Introduce 10 to 50 ml. of measured 
urine in a 250 ml. electrolytie beaker, then add 5 or 6 acid-washed Hengar granules and 
8 to 15 ml. of chlorie acid. Place the beaker on a hot plate and allow digestion to proceed 


to the point at which the green yellow fumes of chlorine and lower chlorides disappear, 
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TABLE I, Recovery OF KNOWN AMOUNTS OF GOLD ADDED TO PLASMA, SERUM, AND URINE 
AS GOLD SopiumM THIOMALATE 


GOLD ADDED GOLD FOUND 

MATERIAL USED VOLUME ( MCG.) (MCG. ) NO. OF SAMPLES 
Serum and 

plasma 2 mi. 1.0 

1.0 

1.0 

1.0 


Urine 10 ml. 


~ 


1 
1 
] 
1 
1 
] 


TABLE IT. ReEcoveERY OF KNOWN AMOUNTS OF GOLD ADDED TO ENTIRE EXCISED RAT ORGANS 
AS GOLD SopiumM’ THIOMALATE 


ADDED | GOLD FOUND 
RAT ORGAN | (MCG. ) NO. OF SAMPLES 


Kidney 


Spleen 


Heart 


Wet weights of kidneys were 0.7 to 1.3 Grams; of spleens, 0.4 to 0.7 Gram; of hearts, 
0.3 to 1.4 Grams. 


{ 
Ape 
al 
ae 
ee 2.0 2.0 15 
2.0 1.8 3 
2.0 2.2 
a 4.0 4.0 10 
4.0 3.9 6 
m4 4.0 3.8 » 
4.0 4.1 - 
8.0 8.0 ‘ 
8.0 7.8 6 
< 8.0 8.2 2 
20 24 a 
2.0 1.9 
4.0 4.0 
4.0 4.2 
ea. 4.0 4.1 
4.0 3.9 
4.0 3.8 
8.0 8.0 
8.0 8.2 
8.0 8.1 
8.0 7.8 
2.0 2.0 
2.0 2.2 
2.0 1.8 
4.0 4.0 
5.0 5.0 
6.0 6.1 
8.0 8.0 
8.0 7.7 
10.0 10.0 
10.0 10.3 
— 2.0 2.0 
2.0 1.8 
5.0 
6.0 6.1 
6.0 5.9 
4.0 4.2 
4.0 3.8 
6.0 6.0 
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leaving a white crystalline mass on the bottom of the beaker. Do not allow the beakers to 
become completely dry. After cooling, neutralization with sodium hydroxide, conversion to 
gold chloride, and subsequent development of color are carried out as outlined. The colored 
solution is placed in a centrifuge tube and centrifuged at 2,000 r.p.m. for 5 minutes in order 
to remove the residual salts commonly present when larger volumes of urine are digested. 
Measurement of color is carried out as outlined. 


Procedure for Gold Determination in Tissue and Feces —Add 1 to 2 Gm. of wet tissue 
or 0.38 to 0.7 Gm. of dry tissue to 250 ml. electrolytic beakers and carry out digestion- 
neutralization conversion to gold chloride and subsequent color development as outlined. If, 
during digestion, dark brown fumes appear or the digest turns dark brown, remove the beaker 
immediately, add 5 ml. of chlorie acid, and continue digestion. 


Concentration of gold (mcg. per |i ml. reagent) 
4 8 12 16 20 24 
| | | | 
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Fig. 2.——-Absorption spectra of oxidized o-tolidine. 


Standards.—Pipette 0.2, 0.4, and 0.8 ml. of working gold standard representing 


2, 4, and 8 meg. of gold into 250 ml. electrolytic beakers. Proceed as outlined under 
Standards for serum. A gold-free urine or tissue blank is carried through the entire pro- 
cedure. 


RESULTS 
The results obtained by the addition of known quantities of auriothiomalate 
to serum plasma and urine are summarized in Tables I and II, and the number 
of samples analyzed and their distribution are indicated. The extinction co- 
efficient for gold determination in biologie fluids using this method is 3.75 x 10*. 
DISCUSSION 
The sensitivity of orthotolidine has been pointed out by Clabaugh*? who was 
able to determine 1 to 4 gammas of gold in gold platings with an average devia- 
tion of 4 per cent. This reagent is currently used for determination of chlorine’? 


in water. Chlorie acid is used as a digestant in the determination in the serum of 
protein-bound iodine™ and of total and phospholipid phosphorus.'* 1° 
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The color obtained by oxidation of o-tolidine is maximal in 20 minutes and 
is stable up to 2 hours. It is not necessary to use freshly prepared reagents, 
sinee the o-tolidine working standard is stable for at least 1 week. In this 
laboratory the stock solution of o-tolidine has been found stable up to 7 months 
when kept at room temperature. 
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-90 1.00. 1.10 
Concentration of acid (normality) 


Absorbance (units of optical density ) 


Fig. 3.—The stability of color formation of — o-tolidine with varying concentrations of 
acia,. 

It is important that all chlorie acid be completely destroyed during the 
digestion, so as not to interfere with development of color. Sinee the end 
product of chlorie acid digestion is the formation of perchlorate salts, these 
Salts do not pose a major problem. However, if the perchlorate salts are com- 
pletely dried, loss of gold will oceur. 

It is also important to remove all of the nitrosyl chloride formed during 
the decomposition of aqua regia. This was aecomplished by an air stream 
directed through rubber tubing connected so as to impinge on the bottom of an 
electrolytic beaker in the manner described by the evaporating apparatus shown 
in Fig. 1. The nitrosyl chloride may be detected by its characteristic odor. 

Copper and iron'® are two interfering substances commonly encountered 
in biologie fluids. Ferrie iron in the amount of 5 me. did not interfere with 
o-tolidine in the formation of color in the presence of 1 ml. of 0.75 per cent 
KHF. Copper, in a concentration of 1 mg. per 11 ml. solution, did not interfere 
with formation of color. Any chlorine, bromine, or nitrosyl chloride originally 
present must be removed. This was accomplished during digestion and the stage 
of air drying which followed conversion of gold to gold chloride by aqua regia. 


Oxidized o-tolidine has an absorption peak at 437 my and obeys the Beer- 
Lambert law, when oxidation is caused by gold chloride in the range of 1 to 40 


meg. of gold. (Fig. 2.) The color formed is stable over a wide range of con- 
centration of acid (0.85N to 1.05N). (Fig. 3.) In an effort to determine the 
minimal amount of saturated o0-tolidine required for development of color ot 
a gold sample larger than ordinarily encountered in our studies (24 meg.), the 
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concentration of acid was kept at 0.85N and the saturated o-tolidine reagent 
was varied from 0.5 to 8 ml. The results (Fig. 4) indieate that the amount 
currently used is in excess of that needed for microdeterminations. 


1.0 


— 


—* 


24 GOLD 


Absorbance (units) 


0 
0) 2 4 6 8 
MI. saturated O-Tolidine solution /100 ml. reagent 


Fig. 4.—The intensity of color formation of oxidized o-tolidine with varying concentrations of 
o-tolidine. 


Because of its instability, the use of gold chloride as a standard is ex- 
pensive and impractical. Cold sodium thiomalate remains stable for long periods 
and may be routinely standardized, using the iodometrie procedure described. 

The principal advantages of this method are the relative ease of digestion 
with chlorie acid, sensitivity, and stability of the color formed with o-tolidine. 


SUMMARY 


A method is described for determination of gold in biologie fluids using 
chloric acid digestion and subsequent formation of gold chloride, and oxidation 
of o-tolidine with gold chloride. The advantages of the method are ease of 
digestion, sensitivity, and stability of color formed. 


We wish to acknowledge the cooperation of Dr. George Wilson of the Henry Ford 
Hospital, Rheumatism and Arthritis Unit, Detroit, Mich. 
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